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LASER DIODES 


STOCK # 

MFG. 

WAVE- 

LENGTH 

OUTPUT 

POWER 

OPER. 

CURR. 

OPER. 

VOLT. 

1-24 

25-99 

100+ 

LS9220 

TOSHIBA 

660nm 

3 mW 

85 mA 

2.5 V 

129.99 

123.49 

111.14 

LS9200 

TOSHIBA 

670nm 

3 mW 

85 mA 

2.3 V 

49.99 

47.99 

43.19 

LS9201 

TOSHIBA 

670nm 

5 mW 

80 mA 

2.4 V 

59.99 

56.99 

51.29 

LS9211 

TOSHIBA 

670nm 

5 mW 

50 mA 

2.3 V 

69.99 

66.49 

59.84 

LS9215 

TOSHIBA 

670nm 

10 mW 

45 mA 

2.4 V 

109.99 

104.49 

94.04 

LS3200 

NEC 

670nm 

3 mW 

85 mA 

2.2 V 

59.99 

56.99 

51.29 

LS022 

SHARP 

780nm 

5 mW 

65 mA 

1.75 V 

19.99 

18.99 

17.09 

SB1053 

PHILLIPS 

820nm 

10 mW 

90 mA 

2.2 V 

10.99 

10.44 

9.40 


WAO II PROGRAMMABLE ROBOTIC KIT 




C ) 

C 1 

Power Source - 3 AA batteries (not included) 


DESCRIPTION 


MV961 WAO II Programmable Robotic Kit 

WHAP Interface Kit For Apple fl, IIE, Ih 


The pen mechanism in- 
cluded with the robot allows it 
to draw. In addition to drawing 
straight lines, it can also accu- 
rately draw circles, and even 
draw out words and short 
phrases. WAO II comes with 
128 x 4 bits RAM and 2K ROM, 
and is programmed directly via 
the keypad attached to it With 
its built-in connector port, WAO 
II is ready to communicate with 
your computer. With the 
optional interface kit, you can 
connect WAO II to an Apple II, 
lie, or 11+ computer. Editing and 
transfering of any movement 
program, as well as saving and 
loading a program can be 
performed by the interface kit. 
The kit includes software, 
cable, card, and instructions. 
The programming language is 
BASIC. 


1-9 10-24 25+ 


79.99 75.99 68.39 

39 99 37 99 34 19 


SINCE 1983 — YOUR I.C. SOURCE — AND MUCH MORE!! 
NO SHIPPING CHARGES ON PRE-PAID ORDERS!* 

NO CREDIT CARD SURCHARGE! 

SCHOOL P.O.’s WELCOME! 


PR0T0B0ARD DESIGN STATION 


• Variable DC output 

-5 - to -15 VDC @ 0.5 amp, ripple 
5 mV 

• Frequency generator 

frequency range: 0.1 Hz to 100 KHz in 6 
ranges 

output voltage: 0 to ± 10V (20 Vp-p) 
output impedance: 600 (except TTL) 
output current: 10mA max., short circuit 
protected 

output waveforms: sine, square, triange, 
TTL 

sine wave distortion 3% (10 Hz to 100 
KHz) 

TTL pulse: rise and fall time 25ns 
drive 20 TTL loads 

Square wave: rise and fall time + 1.5 s 

• Logic indicators 

8 LED’s, active high, 1.4 volt (nominal) 
threshold, inputs protected to ± 20 volts 

• Debounced pushbuttons (pulsers) 

2 push-button operated, open-collector 
output pulsers, each with 1 normally- 
open, 1 normally-closed output. Each 
output can sink up to 250 mA 

• Potentiometers 

1 - IK 1 10K , all leads available 

and uncommitted 

• BNC connectors 

2 BNC connectors pin available and 
uncommitted shell connected to ground 

• Speaker 
0 25 W, 8 

• Breadboarding area 

2520 uncommitted tie points 

• Dimensions 

11.5" long x 16" wide x 6 5" high 

• Input 

3 wire AC line input (117 V. 60 Hz 
typical) 

• Weight 

7 lbs. 


* The total design workstation - including 
expanded instrumentation, breadboard 
and power supply 

i Ideal for analog, digital and micro- 
processor circuits 
» 8 logic probe circuits 
i Function generator with continuously 
variable size, square, triangle wave 
forms, plus TTL pulses 
» Triple power supply offers fixed 5 VDC 
supply plus 2 variable outputs - +5 - 15 
VDC and -5-15 VDC 

• 8 TTL compatible LED indicators, switches 
> Pulsers 

* Potentiometers 

» Audio experimentation speaker 
Multiple features m one complete test 
instrument saves hundreds of dollars 
needed for ndividual units 

• Unlimited lifetime guarantee on bread- 
board sockets 

Fixed DC output 

+5 VDC @ 1 .0 amp. ripple 5 mV 
Variable DC output 

+5 - to +-15 VDC @ 0.5 amp. npple 
5 mV 


DESCRIPTION 


PB503 


Protoboard Design Station 


m 

299.99 


10-24 25+ 


284.99 


I DC BENCH ASSEMBLY PRESS 


The Panavise PV505 1/4 ton 
manual IDC bench assembly 
press is a rugged, practical instal- 
lation tool designed for low 
volume, mass termination of 
various IDC connectors on Hat 
ribbon cable. 

• Assembly base & standard 
platen included 

• Base plate & platen may be 
rotated 90° for maximum 
versatility 

• Base plates & cutting acces- 
sories are quickly changed 
without any tools required 

• Additional accessories below 

• Size - 10" Wx8 75' D x 9" H 

• Weight - 5.5 lbs. 



COLLIMATING PEN 


A low power collimator pen contain- 
ing a MOVPE grown gain GaAlAs laser 
This collimator pen delivers a maximum 
CW output power of 2.5 mW at 820 nm 
The operating voltage of 2.2-2 5v @ 
90- 150mA is designed for lower power 
applications such as data retrieval, 
telemetry, alignment, etc. 

The non-hermetic stainless steel case 
is specifically designed for easy align- 
ment in an optical read or write system 
and consists of a lens and a laser diode 
The lens system collimates the diverg- 
ing laser light .18 mrad The wavefront 
quality is diffraction limited. 

The housing is circular and precision manufactured measuring 110 
mrn m diameter and 27.0 mm long Data sheet included. 

As with all special buy items, quantity is limited to stock on hand. 


LASER DIODE MODULE 


The LDM 135 integrated as- 
sembly consisting of a laser 
diode, collimating optics and 
drive electronics within a single 
compact housing. Produces a 
bright red dol at 660-685 nm It is 
supplied complete with leads for 
connection to a DC power supply 
from 3 to 5.25 V 
Though pre-set to produce a 
parallel beam the focal length 
can readily be adjusted to focus 
the beam to a spot 
Sturdy, small and self-con- 
tained. the LDM 135 is a precision 
device designed for a wide range 
of applications. 0 64" diam x 2" 
long. 


STOCK # DESCRIPTION 1-9 10-24 25+ STOCK# DESCRIPTION 1-9 10-24 25+ STOCK# DESCRIPTION 1-9 10-24 25+ 


5 mW Laser Diode Module 1 79.99 1 70 99 1 53.89 

1 mW Laser Diode Module 189.99 180 49 162 44 

2 mW Laser Diode Module 199.99 189 99 170.99 

3 m IV Laser Diode Module 209.99 199.49 179 54 




PV505 Panavise Bench Assembly Press 149 99 142.49 128.24 SB1 052 Infra-Red Collimator Pen 


COLLIMATING LENS 


47 49 42 74 LDM135-.5 

— 1 LDM135-1 


This economical collimating 
lens assembly consists of a 
black anodized aluminum 
barrel that acts as a heat sink 
and a glass lens with a focal 
point of 7.5 mm. Designed to fit 
standard 9mm aser diodes, 
this assembly will fit all the 
above laser diodes. Simply 
place diode in the tens assem- 
bly, adiust beam to desired 
focus, then set with adhesive 


STOCK # DESCRIPTION 1-9 10-24 25- 



DUAL MODE LASER POINTER 


New slimline laser pointer is only '/>" 
m diameter x 6’/*'' long and weighs 
under 2 oz., 670 nm @ less than 1 
mW produces a 6 mm beam. 2 
switches, one for continuous mode 
and one for pulse mode (red dot 
flashes rapidly). 2 AAA batteries 
provide 8+ hours of use. 1 year 
warranty. 


STOCK# DESCRIPTION 1-9 10-24 25+ 


LDM135-2 

LDM135-3 



He-Ne TUBES 


] LP35 


Dual Mode Laser Pointer 


199.99 189.99 170.99 



Collimating Lens Assembly 


24.99 23.74 21.37 


ROBOTIC ARM KIT 


New, tested 632 nm He-Ne laser 
tubes ranging from ,5mW to 3mW 
(our choice). Perfect for hobbyists 
.for home projects Because of the 
variety we purchase, we cannot 
guarantee specific outputs will be 
available at time of order All units 
are new. tested, and guaranteed 
to function at manufacturers 
specifications. 


POWER SUPPLY 



' Input- 115/230V 

1 Output +5v @ 3.75A 
+12v@ 1 5A 
-12v@ .4A 


• Size: 1" L x 5' < 

STOCK # 
PS1003 


x 2 Vi" H 

PRICE 

$19.99 


Robots were once confined to science i 
fiction movies Today, whether they're I LT1001 
performing dangerous tasks or putting 1 
together complex products, robotics 
are finding their way into more and 
more industries. The Robotic Arm Kit 
is an educational kit that teaches 
basic robotic arm fundamentals as well 
as testing your own motor skills 
Command it to perform simpte tasks 


STOCK# DESCRIPTION 1-9 10-24 25+ 


He-He Laser Tube 


69 99 66.49 


AVOIDER ROBOT KIT 


STOCK # 

YOI 


PRICE 

$43.99 


% 


An intelligent robot that knows how 
to avoid hitting walls This robot 
emits an infra-red beam which 
detects an obstacle in front and then 
automatically turns left and con- 
tinues on 

STOCK # PRICE 

MV912 $43.99 


a ORDER LINE — (800) 824-3432 • INTERNATIONAL ORDERS - (818) 341-8833 
■ FAX ORDERS — (818) 998-7975 • TECHNICAL SUPPORT — (818) 341-8833 — 

15 00 MINIMUM ORDER • UPS BLUE, RED & FEDERAL EXPRESS SHIPPING AVAILABLE • OPEN MON-FRI 9:00 AM - 6:00 PM, SAT 10:00 AM - 3:00 PM PDT 
• CA RESIDENTS ADD 8V4% SALES TAX • CALL FOR QUANTITY DISCOUNTS • CALL FOR FREE CATALOG (FOR 1ST CLASS DELIVERY OR 
CATALOGS DELIVERED OUTSIDE THE U.S. — SEND $2.00) • WE CARRY A COMPLETE LINE OF ELECTRONIC COMPONENTS 
*NO SHIPPING CHARGES ON PRE-PAID ORDERS DELIVERED IN THE CONTINENTAL U.S. 
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14 A Tower of an Enclosure, 
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By Nick Goss 

A build-it-yourself tower enclosure 
you can tailor to any computing 
need — from backplane bus- 

expansion unit to full-blown state- reviews departments 

of-art machine. 


APPLICATIONS 

22 Beyond Super-VGA 

By SF Sparrow 

There is a lot more than just 1 ,024 
x 768 x 256 colors in your 
computing future. 

32 How to Transfer Files 

By Hardin Brothers 
Maximizing data transfers between 
two computers by using serial and 
parallel ports. 
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Examining the SBC circuit and 
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Answers to questions most-often 
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computer trade at a recent show. 
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10 What’s New! 

By Peter R. O 'Dell 
A roundup of New Computer 
and Electronic Products. 

89 Advertisers Index 


ON THE COVER: anting down 

to the real basics for true hardware- 
oriented readers, this month our main 
feature is a metal tower-like enclosure 
you build yourself and tailor to your 
computing needs, whether for bus-ex- 
pansion purposes or a super computer. 

Cover Photo by Larry Mulvehill 
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Editorial 


Data Privacy 


We all hope that much, if not all, of 
our computer data aren’t available to 
unauthorized persons. We’re on rea- 
sonably solid legal ground based on 
Constitutional rights (the Fourth 
Amendment), but in this age of elec- 
tronics and computers, even here there 
are some fuzzy areas. 

Nevertheless, a wish for privacy is 
inborn. There are many ways to ac- 
complish this, depending on your sit- 
uation. If you want to prevent some- 
one from seeing what you’re working 
on when he or she approaches your 
desk, you might use a screen-blanker 
utility. Such programs are widely 
available on bulletin boards and as a 
file that comes along with many com- 
mercial utility programs. There are 
also programs available that fill the 
screen with a message, such as “Com- 
puter In Use. Do Not Disturb!.” Or 
even an interactive one that invites the 
looker to type in a message. 

Maintaining data security is equal- 
ly important when your machine is 
unattended, too, of course. Here, one 
can employ an encryption program 
that requires entering the correct pass- 
word. Such programs are also widely 
available. The code is often based on 
the Data Encryption Standard (DES) 
originated by IBM and adopted by the 
National Bureau of Standards in the 
late Seventies. Although it provides a 
good level of security, some experts in 
the field have raised some doubts 
about it if faced with a super code 
cracker. A bevy of other encryption 
methods have cropped up, including 
hardware types. 

Equally important is password se- 
curity, particularly when sending it 
out electronically over the phone. To 
combat this, some encryption systems 
employ changing keys . This might re- 
quire that the recipient add or subtract 
a particular number in order to deci- 
pher what’s sent. So there might be a 
number of different password levels. 

One of the problems in choosing 
your password is the need to keep it 
simple so that you’ll easily remember 
it. Doing this often leads to logical 
passwords that a thief might guess, 


such as your wife’s name, a common 
choice such as PC or IBM, or what- 
have-you . 

The degree of protection you need 
depends on the value of your data, 
naturally. If it’s private accounting 
data for a business, credit card infor- 
mation, etc., you’d want a high level 
of security, possibly a layered system. 
For your home personal use, a stan- 
dard password system from a BBS 
program would likely be more than 
enough security. 

Another problem that has come to 
the fore is electromagnetic eavesdrop- 
ping of data that’s radiated into the 
air. The federal government uses 
“Tempest” design specifications to 
prevent radiation of information from 
a computer chassis. But then there are 
other points of possible EM radiation, 
such as printer cables. 

Interestingly, some computer mak- 
ers are addressing the foregoing secur- 
ity leak possibilities with specially 
shield computers. One such company, 
Hughes STX Corp., in Vienna, VA, 
offers a line of 386 systems designed 
to prevent “broadcasting” data. It’s 
called a “Stealth” computer. The 
company also provides upgrades for 
PCs and workstations to “Stealth” 
specifications. 

For most people, all this is much 
ado about nothing. At least, that’s 
what most computer users must think 
since even in offices where AT and 
386 desktop computers are used, 
front-panel locks are usually in mint 
condition because they’ve never been 
used. For some users, however — IRS 
agents who use laptops to communi- 
cate with a mainframe, banks with 
ATMs, et al — information security 
can never be too good or too complete. 
And even with the best of data securi- 
ty, much depends on the administra- 
tor, who must educate and oversee 
the operation. 
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THE PARTS PLACE 



NEW! Now You’re Talking! 

This book will help you earn 
your first Amateur Radio li- 
cense and get on the air. It in- 
cludes all the questions on the 
new codeless Technician class 
exam and the Novice written 
exam. The book also provides 
helpful tips on equipment and 
antennas. Illustrated. Over 
300 pages. #62-2414 . . 16.95 



Special-Order Hotline. Your 
local Radio Shack stocks over 
1000 popular electronic com- 
ponents. Plus, we can special- 
order over 10,000 items from 
our main warehouse — ICs, 
semiconductors, tubes, crys- 
tals, even SAMS® manuals. No 
postage charges or minimum 
requirements for this service. 
Come in for details! 



NEW! PC/XT Experimenter’s 
Circuit Card. This premium- 
quality prototyping board fits a 
computer’s XT expansion bus 
connector. Features durable 
epoxy glass construction and 
plated-through holes on stan- 
dard 0.100" centers. Accepts 
D-sub connector shown at 
right. 3 7 /a x lOVie x Vie" 
#276-1598 29.95 



(1) NEW! Right-Angle D- 
Sub 25 Female Connector. 

Ideal for use with PC/XT circuit 
card at left. #276-1504, 2.49 

(2) Box/Board Combination. 
Molded box and 2x3Vs" cir- 
cuit board. #270-291 ... 4.99 

(3) 2" Slim Alligator Clips. 
#270-346 . . . Pkg. of 8/2.19 

(4) Cordless Phone Handset 
Antenna. #270-1411 . . . 2.99 



Mercury Bulb Switch. Just 
the thing for motion detectors, 
alarms, experiments and 
school science projects. Rated 
2 amps at 12VDC. Compact T- 
IV2 size envelope. 

#275-040 1.29 



(1) Two-Tone Piezo Buzzer. 

Extra-loud. Operates from 8 to 
16VDC. #273-070 10.95 

(2) Electromechanical 

Buzzer. Loud 12VDC buzzer in 
a sturdy metal case is great for 
alarms. #273-051 2.49 



(1) Stackable Banana Plugs. 
Jack permits “chain” hook- 
ups. #274-734, Set of 2/1.59 

(2) Nylon Binding Posts. 

#274-662 Set Of 2/1.59 

(3) Micro-Clip Jumpers. 20" 
long. #278-017 . . . Pair/3.49 



Super-Bright Strobe Tube. 

Perfect for photo replacement, 
hobby projects and experi- 
ments. Trigger: 4 kV. Anode: 
200V min. ulb is about IV2" 
long and has 1 3 /4" leads. 
#272-1145 3.29 




(1) High-Speed 12VDC Mo- 

tor. Up to 15,200 RPM! About 
2" long. #273-255 2.99 

(2) Low-Voltage Motor. For 

science projects and solar 
power demos. Requires IV2 to 
3VDC. #273-223 99$ 


(1) Lead-Free Solder. 96% 

tin, 4% silver. 0.032" size. 0.25 
oz. #64-025 I.99 

(2) Rosin Soldering Paste 
Flux. 1 oz. #64-021 .... 1.79 

Over 100 soldering items and 
tools for electronics are in 
stock now at Radio Shack! 


(1) Hi- Precision Thermistor. 

Resistance changes in propor- 
tion to temperature. 

#271-110 1.99 

(2) 500-Piece Resistor Set. 

V4-watt, 5% tolerance. In- 
cludes 54 popular values. 
#271-312 Set 7.95 


Car Electrical System Tester. 

Spot problems before you’re 
stranded! Plug this analyzer 
into your vehicle’s lighter 
socket. Color-coded LEDs pin- 
point problems in your battery, 
alternator and regulator. 
#22-1635 5.95 


Since 1921 Radio Shack has been the place to obtain up-to-date electronic 
parts as well as quality tools, test equipment and accessories at low prices. 
Our nearly 7000 locations are ready to serve you— NOBODY COMPARES 

Prices apply at participating Radio Shack stores and dealers. Radio Shack is a division of Tandy Corporation 
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Letters 


Setting the Record Straight 

• I read with interest in the January issue 
“WordPerfect 5.1: Is It Worth the 
Switch?” To the best of my knowledge, a 
fair comparison was made between WP 5 . 1 
and Xy Write 3 + . However, I would like 
to make two points. To search for the 
slashbar, you use another symbol on the 
command line for field separation — any 
other symbol, as long as it is not part of 
the word you are searching for. For exam- 
ple, to search for the word “you,” you 


would use “se ayoua,” “se /you/,” “se 
#you#,” etc. 

The major error in the report has to be 
the numbers given in the Speed Test Re- 
sults box. I used a 16-MHz Tandy 4000 
computer with an 80386 CPU to change 
every period in a 42,000-word Xy Write File 
to an an exclamation point. I set up the 
command “cia /./!/.” By the time my 
pinky lifted off the key, the job was done 
— in way under a second. I ran the same 
test on a 206,000-byte file. This time, it 
took between 2 and 3 seconds to effect the 



Build and simulate both Analog and Digital circuits. 


Electronics Workbench® 

“Electronics Workbench is pretty amazing.” 

Jerry Pour net le, Ph.D., InfoWorld 

“...a marvellous learning and teaching tool.,..” 

Art Salsberg, Editor-in-chief \ Modern Electronics 


“Building a circuit is simple and intuitive.” 

v Jeff Holtzman, Computer Editor, Radio-Electronics Magazine 

Yes, I want Electronics Workbench 5 in my computer! 


Check the version you want: 


□ MS-DOS 5.25’ □ MS-DOS 3.5* 


Personal 

$ 99.00 


Personal Plus 

$199.00 


Personal Plus Mac 

$199.00 


Professional 

$299.00 


Name: 

Address:_ 

City: 

Tel: ( )_ 


_ State: _ 


Zip: 


-Fax: ( ). 


MC/VISA/AMEX# 


ORDER INFORMATION Canadian residents please 
add 7% GST {Ontario residents add 8% FIST plus 7% 
GST). All orders please add $15.00 shipping and 
handling. All prices in US $. Offer available only in N. 
America. 

Return to: 

Interactive Image Technologies Ltd. 
Computer Craft Offer 
908 Niagara Falls Boulevard 
North Tonawanda, NY 14120-2060 
Tel: (416) 361-0333 
Fax: (416) 368-5799 


Signature: Exp 

REQUIREMENTS ■ Personal/Personal Plus Versions IBM PC/XT/AT or PS/2 
or true compatible with 512 kB RAM; Microsoft-compatible mouse; graphics 
display; two floppy drives or hard disk, MS-DOS 3.0 or later. 

■ Professional Version 640 kB RAM, EGA/VGA graphics; hard disk. 

■ Personal Plus Mac Version: Macintosh Plus, SE, SE30, Mac II. 

FEATURES ■ Personal Version: builds circuits containing 20 components or 
less. ■ Personal Plus Version builds circuits containing an unlimited* 
number of components. ■ Professional Version: uses color coding for circuit 
tracing with an unlimited* number of components; EGA/VGA support. 

•limited only by the amount of memory available. 
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INTERACTIVE 


change. I also did a search for two words 
that were in the last sentence of a long File, 
which was done in just under 2 seconds. 

I believe the time quoted in the Speed Test 
Results box is very much in error. 

Xy Write 3 + is an extremely fast, pow- 
erful and versatile word processor. I am 
delighted with it. 

Bob Locher 
DeerField, IL 

Author’s Reply: You’re correct on both 
counts. Xy Write is, indeed, lightning fast 
and speedier than WordPerfect. The tor- 
toise-like pace of X y W rite indicated by my 
test was due to using the “ change” (ch) 
command, rather than the “change invisi- 
ble” (ci) command, to do a search-and-re- 
place. Unfortunately, XyWrit c’s Help file 
doesn ’t list the ci command when “c” is 
pressed or if you type in ci or “change in- 
visible. ” Without being aware of the ci 
command, the Help field didn ’ t help here. 
Using the ci command, Xy Write lived up 
to its reputation and performed the 
changes instantaneously . 

• It is obvious that the author of January’s 
Software Review is not familiar with the 
equation rules for WordPerfect. If he was, 
he would know that the tilde ( — ) is the 
space character for equations and curly 
brackets ({}) placed around a top state- 
ment in the over command would center 
the top over the bottom. 

The stack command is used to align 
equation lists, not to make parts of equa- 
tions line up. If the form I NT from 0 to t is 
used for the integral symbol, the numbers 
will line up properly on the integral 
symbol. 

To make the equation print out, just en- 
ter on one line: 

r(t)^ + ~{v(t)} over R~ + ~C {dv(t)J over 
dt“ + ”1 over L int from 0 to t v(t)dt 

The screen will wrap around as you exceed 
the maximum number of characters on the 
line, and the equation will print out as: 

r<t) - * c * yjv(t)dt 

R at LJ 

0 

I agree with the comments that compare 
Xy Write with WordPerfect. Another plus 
for Xy Write is its ability to hold up to 36 
full-text, including all control codes, “cut- 
and-paste” clips, rather than just one. This 
is especially handy when writing control 
programs. Furthermore, if you are writing 
control programs, Xy Write 1 s ASCII out- 
put does not 4 ‘sneak” in extra carriage re- 
turns as WordPerfect’s DOS/ASCII out- 
put mode sometimes does. 

T. Potts 
Hicksville, NY 
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SEND FOR FREE CATALOG! OVER 150 NEW ITEMS! 


r B. C. MICRO 


FANS 


Brand New from McLean Eng. 
A Division of Zero Corp. 
Square 4-1 1/16" by 1.5' 
Thick 10" Wire Leads 
120V - 60hz - .12 amps - 110CFM 
Metal Housing - 5 Plastic Blades 
UL and CSA Approved 
$5.95 ea. 

12VDC - Brushless 
Manufactured by Commonwealth 
Model FP 1O0D-7 Blades 
6 Wire Leads - 150MA 
3V»" Square - 1" Thick 
This size commonly used in 
computer power supplies. 
$6.95 ea. 




SPECIALS 


MAX232 2.30 

1488 .45 

1489 .45 
DB25-(Solder Cup) M/F 2/1.00 
DS25-RL Angle PC BD. F . . .55 
DB9-Rt. Angle PC BD. M/F .35 


BATTERY 


12VDC - 2500MAH 
Nicad battery pack for Zenith 
Laptop Computer. 

Zenith Part #ZA0180-57 
Contains 10-2. 5AH Nicads (10 
cell pack) Pack easily removed 
for other uses. In original 
factory boxes. Manufactured by 
SAFT for Zenith. Very limited 
quantity. 

$25.95 


74LS 


LS00 

.14 

LS1 14 .25 

LS241 .60 

LS01 

.14 

LSI 22 .35 

LS242 .65 

LS02 

.14 

LSI 23 .45 

LS243 .50 

LS03 

.14 

LS124 1.35 

LS244 .55 

LS04 

.14 

LSI 25 

.30 

LS245 .55 

LS05 

.14 

LSI 26 

.35 

LS251 .45 

LS08 

.14 

LS132 

.35 

LS253 .40 

LS09 

.14 

LS133 

.25 

LS257 .35 

LSI 0 

.14 

LSI 36 

.28 

LS258 .45 

LS1 1 

.14 

LSI 38 

.35 

LS259 1.00 

LS12 

.20 

LSI 39 

.35 

LS260 .40 

LS13 

.25 

LS145 

.75 

LS266 .30 

LS14 

.30 

LS148 

.35 

LS273 .75 

LS15 

.20 

LSI 51 

.35 

LS279 .30 

LS20 

.14 

LSI 53 

.35 

LS280 .80 

LS21 

.16 

LS154 

.85 

LS283 .35 

LS22 

.16 

LS155 

.50 

LS290 .70 

LS26 

.14 

LS156 

.42 

LS293 .50 

LS27 

.20 

LS157 

.30 

LS298 .65 

LS28 

.15 

LS158 

.25 

LS 299 1.00 

LS30 

.14 

LS160 

.25 

LS322 1.30 

LS32 

.16 

LS161 

.35 

LS323 2.25 

LS33 

.25 

LS162 

.45 

LS348 .75 

LS37 

.24 

LS163 

.36 

LS353 1.00 

LS38 

.24 

LS164 

.45 

LS357 .80 

LS42 

.35 

LS165 

.60 

LS363 .75 

LS51 

.15 

LSI 66 

.75 

LS364 .75 

LS54 

.20 

LS169 

.90 

LS365 .30 

LS55 

.20 

LSI 70 

.45 

LS366 .28 

LS73 

.33 

LSI 73 

.60 

LS367 .35 

LS74 

.22 

LSI 74 

.35 

LS368 .30 

LS75 

.25 

LS175 

.35 

LS373 .50 

LS83 

.30 

LS181 1.25 

LS374 .45 

LS85 

.45 

LSI 91 

.45 

LS375 .35 

LS86 

.20 

LSI 92 .65 

LS377 .75 

LS90 

.35 

LS193 .65 

LS378 .80 

LS92 

.30 

LSI 94 .40 

LS390 .80 

LS93 

.25 

LSI 95 

.52 

LS393 .75 

LS95 

.30 

LSI 96 

.55 

LS399 1.00 

LS96 

.33 

LSI 97 .75 

LS541 1.20 

LS107 .28 

LS221 

.50 

LS645 .75 

LS109 

.20 

LS240 

.50 

LS646 .75 

LS1 12 .25 



LS670 .80 

LS1 13 .25 


25LS2569 1.50 


LM350T 

2.65 

LM338K 

4.95 

16L8-1 5 TI-B-PAL 

1.25 

8088-2 

3.25 

8742 

7.00 

WIRE WRAP 

Dual Wipe - 2 Level 

14 Pin 10/2.50 

100/20.00 

16 Pin 10/2.50 

100/20.00 

20 Pin 10/3.50 

100/30.00 

SOCKETS 

Low Profile SOLDER TAIL 

6 Pin 

14/1.00 

8 Pin 

13/1.00 

14 Pin 

13/1.00 

16 Pin 

13/1.00 

18 Pin 

13/1.00 

20 Pin 

13/1.00 

22 Pin 

13/1.00 

24 Pin 

8/1.00 

28 Pin 

7/1.00 

40 Pin 

7/1.00 

BUY $10 


GET $1.00 - FREE CHOICE 

68 Pin PLCC 

.79 

84 Pin PLCC 

89 


p. 0. Box 280298 Dallas, Texas 75228 
(214) 271-5546 
FAX (214) 271-2462 



THE $25 NETWORK 


Try The HtTruly Low Cost LAN 

• Connect 2 or 3 PCs, XTs. 

ATs 

• Uses serial ports and 5 wire 
cable 

. Runs at 115 K baud 

• Runs In background, totally 
transparent 

• Share any device, any file, 
any time 

• Needs only 14K of ram 

Skeptical: We make belleversl 


SUPER BUYS 


DTMF 

SSI-202 Decoder 2.25 

8870 Decoder 2.25 

5087 Generator 2.00 

5089 Generator 2.10 

2N4401 

Super 2N3904 NPN 
Switching Transistor 
40V-TO-92 — P.C. Leads 
15/1.00 1000/20 .00 

80C32 

C-MOS By Matra - 12MHZ 

3.95 


6500/6800 

6502 

2.00 

6821 

1.00 

6520 

1.25 

6845P 

2.20 

6522 

2.70 

6845S 

2.20 

6530 

3.00 

6850 

1.75 

6532 

4.25 

6852 

3.50 

6545 

2.10 

6860 

3.95 

6551 

2.40 

68681 

3.00 

6800 

1.40 

68A09EP 

1.29 

6802 

2.50 

68A40 

4.00 

6803 

3.00 

68A54 

3.00 

6805 

2.95 

68B09 

4.00 

6809EP 2.75 

68B10 

2.00 

6809P 

2.50 

68B45 

4.95 

6810 

1.25 

68B54 

4.00 


TEXT TO SPEECH BOARD 


PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK! 


nVx 


$69 


95 



ASSEMBLED 4 TESTED 
ADD $3.50 SHIPPING 
4 HANDLING 


A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE 
GENERAL INSTRUMENTS SP025S-AL2 SPEECH CHIP AND THE 
CTS256A-AL2 TEXT TO SPEECH CONVERTER. 

THIS BOARD USES ONE SLOT ON THE MOTHERBOARD AND 
REQUIRES A COM SERIAL PORT. BOARD MAY ALSO BE USED IN A 
STAND ALONE ENVIRONMENT (EXTERNAL POWER SUPPLY) WITH 
ALMOST ANY COMPUTER THAT HAS A RS232 SERIAL PORT. TO 
USE THE BOARD IT IS ONLY NECESSARY TO SEND ENGLISH TEXT 
TO THE RS232 INPUT ON THE BOARD. THE BOARD INCLUDES A 
1500 BYTE TEXT BUFFER AND HANDSHAKE LINE TO ALLOW YOU 
TO SEND DATA TO THE BOARD; THE SAME AS YOU WOULD SEND 
DATA TO AN RS232 SERIAL PRINTER. YOU CAN SET UP BATCH 
FILES THAT WILL MAKE YOUR COMPUTER GREET YOU WITH 
GOOD MORNING MASTER," ETC. EVERY TIME YOU TURN IT ON 
DEMONSTRATION SOFTWARE AND A LIBRARY BUILDING PRO- 
GRAM ARE INCLUDED ON A SVa INCH PC/XT DISKETTE. FULL 
DOCUMENTATION AND SCHEMATICS ARE ALSO INCLUDED. 

FOR INFORMATION ON A LOW COST SPEECH SYNTHESIZER 
SYSTEM FOR THE VISUALLY IMPAIRED, PLEASE SEND FOR FREE 
PACKET T.M.1. 


STAND ALONE POWER SUPPLY 
FOR ABOVE 

ADD $2.50 SHIPPING 4 HANDLING 


si 9 


99 


STATIC RAM 


201 6-2KX8 200 n.s. 
2101-1 - 256X4 500 n.s 
21L02-1 350 n.s. 

21 02AL-4 L.P. 450 n.s 
2111-1 256X4 500 n.s. 
2112A-2 

2114L-3 1 KX4 300 n.s 

2125A-2 1 KX1 70 n.s 

2147 4KX1 

6116P-4 

6117 

6264-15 

62256 32KX8 


EPROM SPECIAL 


1.00 
. .75 
.65 
.49 
1.00 
2.50 
.45 
1.70 
1.95 
1.00 
1.20 
1.40 
5.75 


DYNAMIC RAM 


2108-4 8KX1 1.50 

2118-4 16KX1-5Volt .70 

4027-4KX1-250 n.s. .80 

4116-16KX1-250 n.s. .40 

41 16-16KX1-200 n.s. .75 

4116 16KX1-150 n.s. .90 

4164 150 n.s. .49 or 9/3.50 
4164 120 ns. 1.10 

4164-100 n.s. 1.40 

TMS4416-16KX4-150 n.s. 2.75 

4464-150 n.s 1.40 

4464-120 n.s. 1.45 

4464-100 n.s. . 1.45 

4464-80 n.s. 1.45 

41256 150 n.s. 1.25 or 9/9.95 
41256 120 n s. 1.30 or 9/10.99 
41256 100 n.s. 1.30 or 9/10.99 
41256-80 n.s. 1.30 or 9/10.99 

41256-60 n.s. 1.85 

1 Meg - 100 n.s. 4.40 

1 Meg - 80 n.s 4.40 

414256-80 n.s. 256 x 4 . 4.60 

SIPPS & SIMMS AVAILABLE 


THREE CHIP SET 


B.G. SPECIAL 
16450, 1488, 1489 — $6.95 
16550, 1488, 1489 — $13.50 


We bought a lar 
2708s, 2716s, 
2764s, 27128s, 
27512sfrom a co 
facturer who re< 
boards. We remo 
sockets, erased 
them, and now w 
ings to you. Com 
tion guaranteed. 

Your Cl 

2708 

2716 

2532 

ge quantity of 
2532s, 2732s, 
27256s and 
mputer manu- 
lesigned their 
ved them from 
and verified 
e offer the sav- 
iplete satlsfac- 

loice 

1.20 10/8.00 

1.75 10/15.00 
2.00 10/17.50 
2.00 10/17.50 

2.00 10/17.50 

3.00 10/25.00 
3.50 10/30.00 

4.75 10/40.00 

2732 

2764 


27128 

27256 

27512 


8000/80000 

! 8031 

2.95 

8251 

1.10 

80C32 12 3.95 

8253-5 

1.75 

8035 

1.00 

8254 

1.80 

8039 

1.00 

8255 

1.50 

8085 

1.55 

8255-5 

1.75 

8086 

1.55 

8257 

1.50 

8087 

87.50 

8259A 

1.85 

8087-1 

167.50 

8259C-5 

2.10 

8087-2 

127.50 

8275 

10.95 

8088 

2.20 

8279 

2.25 

8088-2 

3.25 

8284 

1.49 

8155 

2.25 

8286 

3.50 

8156 

2.25 

8287 

2.49 

8202A 

8.00 

8288 

3.50 

8212 

1.25 

8530 

3.00 

8214 

2.00 

8741 

7.00 

8216 

1.25 

8742 

7.00 

8224 

1.25 

8748 

7.00 

8228 

1.75 

8749 

7.00 

8237-5 

2.80 

8755 

7.00 

8243 

1.75 

8755 

7.00 

8250 

2.95 80286-8 PLCC 

8.50 

(16450) 

6 so 80287-8 125.001 

(16550) 

13.00 80287-10 135.001 


V-20-10MHZ 

6.50 1 


TERMS: {Unless specified elsewhere) Add $3.25 postage, we pay balance. Order's over $50.00 add 85C for insurance. No C.O.D. Texas Res. add 
8V»% Tax. 90 Day Money Back Guarantee on all items. All items subject to prior sale. Prices subject to change without notice. Foreign order - US funds 
only. We cannot ship to Mexico or Puerto Rico. Countries other than Canada, add $9.00 shipping and handling. 


CIRCLE NO. 147 ON FREE INFORMATION CARD 


SEND FOR FREE CATALOG! OVER 150 NEW ITEMS! 










What’s Happening! 


Anti-Piracy Success. Although illegal copying is said to cause a 
$10- to $12- billion loss in revenues to the U.S. software 
industry, strong anti-piracy programs have been making some 
inroads. For example, Autodesk, Inc. , one of the largest software 
companies (AutoCAD, Generic CADD and AutoSketch) , recovered more 
than $5-million since 1988 from parties who illegally copied its 
programs. Copyright infringement carries a fine of up to $25,000 
and up to one-year in prison under federal law. Civil actions, 
however, allow recovery of actual damage up to $100,000. 

Multimedia Works. Microsoft Corp. introduced a multimedia 
edition of its popular Microsoft Works for Windows (version 2.0). 
It adds digital sound, animation and pictures to the program's 
Online Tutorial and reference sections. The $199 edition comes on 
a CD-ROM disk. To use it you need a CD-ROM drive with less than 
1-second access time and 150K/second transfer rate plus Microsoft 
CD-ROM Extensions ver. 2.2 or later. Furthermore, you'll require 
30MB or more of hard-disk memory and 4MB system memory, as well 
as an audio board, speakers, mouse, VGA graphics adapter and 
monitor, Windows 3.0, Multimedia Extensions ver. 1.0 and at a 
386SX 16MHz or higher computer in order to run the new Works 
satisfactorily. 

Recycled Disks. Softdisk Publishing, which claims to be the 
world's largest software subscription company, lets users 
purchase blank disks that have been recycled (demagnetized and 
relabeled with an opaque label) in packs of 25 3-1/2" or 50 5- 
1/4" 3 60K disks for $9.95 each pack. The company says that 
they're helping the environment since diskettes, made of polyer 
and magnetic products, last for years in landfill. 

Tandy's National Parts Catalog. Tandy Electronics, Radio shack's 
parent company, has broadened its National Parts Division to 
become a full-line electronics distributor. Its new 232-page 
catalog lists merchandise from 29 major producers of electronic 
and electro-mechanical parts. Minimum purchase is only $5, and 
major credit cards are accepted. To get a copy, call 800-322-3690. 

Covox's New Upgrade Software. Covox Inc., a major producer of 
sound-enhancement products for PCs, released new software — "The 
Overlord" — that contains upgrade programs and device drivers for 
the company's existing product line. The Overload is designed to 
work on computers using Intel 80386SX or DX and i486 
microprocessors. Additionally, the software allows Covox's 
"Sound Master II" and "Voice Master" to play back virtually all 
"CMS Soundblaster" digitized sound files. The company's "Speech 

Thing" can play back many of these files with it, too. The 
upgrade disk also provides additional MIDI compatibility to 
support the Roland MPU-401 standard in UART mode, and also 
provide the capability of emulating Tandy and IBM sound systems. 

The Overlord is being included free with all Covox products 
sold. You can get it for free by downloading it from the 
company's BBS (503-342-4135) or by calling the company direct 
503-342-1271 (where you'll pay only shipping and handling 
charges. 
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Quality Brand Name Components, Reasonable Prices and 

THE BEST WARRANTY IN THE INDUSTRY! 



Discover the CPC Advantage: 

^ FREE Federal Express Shipping on 
Complete Systems 
FREE I Year On-Site Pickup Service 
On-Site Service Available 
FREE Overnight Replacement Parts 
o^Toll FREE Technical Support 
101 25 Day Money Back Guarentee 
BS> Best Warranty in the Industry: 

3 Year Parts on Electronics 

{Mother Board, Memory, HD/FD/IO & Video Controllers) 

2 Year Parts on Mechanics 

{Hard Drive, Floppy Drives, Power Supply, Keyboard) 

Lifetime Labor 

24-48hr Warranty turn around. 


CPC Offers More STANDARD Features: 

«*■ Intel CPU (AMD on 386-40Mhz System) 

AMI Bios (Award Bios on EISA Systems) 

4MB RAM Installed (2MB on 386SX) 

W 64-256K Cache SRAM on 386-33, 40 & 486 
Systems 

^ 1.2 & 1.44 Teac Floppy Drives 

120MB Conner Hard Drive (90MB on 386SX) 
w / 64K Built in Disk Cache 
1:1 Interleave 2HD/2FD IDE Adapter 
SCSI Interface Available 
^ 101 Key Enhanced Tactile Keyboard 
I Parallel, 2 Serial, Game Port 
Clock- Calendar Built-In 
!6Bit Tseng 4000 SVGA Card w/IMB Installer 
opt. 700,000 Color Sierra RAM-DAC Avail. 

» I4 H NON-Interlaced SVGA 1024x768 .28mm Monitor, 
opt. Trinitron-NI. Call for 16" & 20" Monitors. 

^ Desktop or Mini Tower Case Standard 
opt. Full Size Tower 
Microsoft MS-DOS v5.0 
^ Microsoft Quick Basic 
^ MS-Windows 3.0 w/Mouse (add $60) 

Custom Configurations with NO LIMITATIONS! 


486-33Mhz 486-33Mhz eisa 

$2545“ $CALL 


386-33Mhz 

$1995®® 


386-40Mhz 

$2150®® 


386dx- 1 6 notebook 

2MB RAM 

40MB Hard DRive a i 
VGA Backlit LCD Jj) | Y / 5 
Carrying Case 
7Lbs 


CALL Today 
for Literature 
on any of 
our Products! 


386-25Mhz 

$1795®® 


386SX-l6Mhz 

$ 1 499®® 



Computer Products 


327 Quinnipiac Ave. North Haven, CT 06473 


1 - 800 - 272-7281 

In CT Call: (203) 776-8725 
Fax: (203) 776-3958 


CIRCLE NO. 56 ON FREE INFORMATION CARD 



What's New! By Peter R. O'Dell 


Diagnostic Software 

Microscope is an operating- 
system-independent diagnostic 
software package from Micro 
2000, Inc. The program has its 
own proprietary operating sys- 
tem and functions under all 
popular operating systems 
based around ’86 Intel stan- 
dards. It reads the entire disk, 
even those areas beyond the 



DOS limit of 1 ,024 cylinders on 
very large disks. 

Microscope will low-level 
format all hard disks, including 
IDE drives. The program per- 
forms more than 100 diagnos- 
tic functions, including CPU, 
expanded-memory, drive, port 
and video tests. $450. Micro 


2000 Inc., 1 100 E. Broadway, 
Third FI . , Glendale, CA 9 1 205 ; 
tel.: 818-547-0125. 

CIRCLE NO. 30 ON FREE CARD 


Science On CD 

The McGraw-Hill Science And 
Technical Reference Set is a 
CD ROM that gives full cover- 
age to both theoretical and ap- 
plied science. Release 2.0 fea- 
tures updated text, enhanced 
graphics, and improved search 
and retrieval capabilities. This 
resource focuses on more than 
75 scientific and technical dis- 
ciplines. It combines 7,700 ar- 
ticles with 1,700 photographs 
and drawings. Hypertext links 
make it possible to jump from 
a word within an article to a 
related article, graphic or def- 
inition in seconds. 

Included with the CD ROM 
is a User’s Guide that gives 
complete instructions for a 
variety of activities: installing 
and navigating the program, 
placing bookmarks, conduct- 
ing sample searches and print- 
ing and saving text and graph- 
ics. Recommended system con- 


figuration includes an IBM- 
AT-compatible computer, 1M 
of expanded memory, hard 
disk with 2M available, CD- 
ROM drive, VGA video mon- 
itor and card, mouse and Las- 
erJet printer. $495. McGraw- 
Hill Professional Book Group, 
11 W. 19 St., New York, NY 
10011; fax: 212-337-4092. 

CIRCLE NO. 31 ON FREE CARD 


Low-Overhead 
Remote Control 

Version 2.2 of Louis E. Wheel- 
er’s Remote-Console requires 
only 39K of overhead RAM, 
down from 140K in the pre- 
vious version. Remote-Con- 
sole is remote-access communi- 
cations and control software to 
link two IBM/compatible 
computers or one computer 
and one (Heath/Zenith) H/Z-19 
terminal, via modem or by 
direct cable connection. It pro- 
vides complete control of the 
host computer from a remote 
location. It can be used to run 
most programs on an unat- 
tended host computer. 


REMOT&CONSOLE 


z I 

'/ I 

T I 


A fast file-transfer option al- 
lows Remote-Console to link 
desktop and laptop for copying 
files at speeds up to 115,200 
bps. Other useful features in- 
clude a “chat mode” scratch 
pad, SHUTDOWN command 
to terminate the host from a 
remote site and special hot-key 
to purge ill-behaved programs 
that take control and try to lock 
out the remote user. A sophisti- 
cated password-protection 
scheme keeps intruders out and 
safeguards files. Requires DOS 
3.0 or later. $99. Louis E. 
Wheeler, P.O. Box 888, Oce- 
ano, CA 93445; tel.: 805- 
481-5687. 

CIRCLE NO. 33 ON FREE CARD 



DOS 5 From Wiley 

DOS 5: Self-Teaching Guide 
By Ruth Ashley and Judi N. 
Fernandez 

(Soft cover. 374 pages. 
$19.95) 

This is a tutorial for the DOS 
neophyte and the casual user 
who has upgraded to DOS 
version 5. It covers all the 
latest options, including im- 
proved memory-manage- 
ment and task-switching 
programs, among other top- 
ics. Each chapter is designed 
to help the reader master 
specific skills and contains 
tips, practice problems with 
answers and methods for 
checking and backing up 
completed work. The writ- 
ing style is friendly and easy- 
to-follow. Numerous illus- 
trations are included to il- 
luminate key concepts. This 
book should be equally use- 
ful for individual or group 
study. 


DOS 5: Command 
Reference 

By Ken W. Christopher, Jr., 
Barry A. Feigenbaum & 
Shon O. Saliga 

(Soft cover. 224 pages. 
$10.95.) 

In this slightly over-size 
pocket reference for DOS 5, 
Chapters 1 and 2 are primar- 
ily introductory material. 
Chapter 3 makes up the bulk 
of the book (consisting of 
some 115 pages), which dis- 
cusses common procedures 
in alphabetical order of the 
function performed, not 
necessarily the command 
name. This makes it simple 
to locate relevant material in 
a hurry. Elementary batch 
files are covered in chapter 
4. 

Chapter 5 is devoted to 
EDLIN, obsolete as it is. 
Fortunately, there are only 
10 pages wasted on this relic. 
In Chapter 6, the focus is on 
system configuration, pri- 


marily AUTOEXEC.BAT 
and CONFIG.SYS. Chapter 
7 contains a succinct de- 
scription of how to partition 
a disk with FDISK. File redi- 
rection and filters are 
touched on in Chapter 8. 
The authors provide several 
examples for each topic cov- 
ered. Because of its small 
size and compact nature, 
this book should be handy 
for power users, as well as 
DOS neophytes. Moreover, 
it can be easily tucked away 
for use when traveling. 


DOS 5: The Basics 
By Ken W. Christopher, Jr., 
Barry A. Feigenbaum & 
Shon O. Saliga 

(Soft cover. 484 pages. 
$24.95.) 

With this second of three 
DOS 5 books released by 
Wiley, the publisher has 
several “models” compet- 
ing against each other in the 


same market. This one is 
another entry-level book. 
The authors take a different 
approach, though. There’s 
substantially more informa- 
tion here than in the Ashley 
and Fernandez volume. Un- 
fortunately, some of it is 
more of a distraction than a 
help. DOS 3.3 and 4.0 are 
covered, as well as 5.0. In- 
cluding instructions for the 
earlier versions adds a great 
deal of unnecessary confu- 
sion. Nonetheless, emphasis 
in this book is on the DOS 
shell and working with it. 
The authors offer a much 
more detailed view of the 
DOS command line than 
Ashley does. The writing 
style is easy-to-follow but a 
bit more technical than Ash- 
ley’s. Had the authors fo- 
cused totally on DOS 5, it 
would have been a more use- 
ful book for the beginner 
and for casual user upgrad- 
ing to MS-DOX 5.0. 
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THE $99.95 
EDUCATION 

THE PRIMER MICROPROCESSOR 
TRAINING SYSTEM 

TEACHES: • Intel 8085 programming 

* DIGITAL & ANALOG INTERFACING 

* PROGRAMMING INTEL PERIPHERALS 

* MICROCOMPUTER ASSEMBLY & DESIGN 

FEATURES: * rom monitor operating system 

* 6 DIGIT, 7 SEGMENT, LED DISPLAY 

* 20 KEY KEYPAD 

* DIGITAL INPUT PORT WITH DIPSWITCH 

* DIGITAL OUTPUT PORT WITH LEDs 

* ANALOG TO DIGITAL CONVERTER 

* DIGITAL TO ANALOG CONVERTER 

* 1 4 BIT TIMER/COUNTER WITH SPEAKER 

OPTIONS: * basic or forth languages in rom 

* RS232 SERIAL PORT CONNECTS TO PC 

* BATTERY BACKED CLOCK AND RAM 

EMAC OFFERS A COMPLETE LINE OF MICROPROCESSOR TRAINING 
SYSTEMS STARTING AT $99.95 QUANTITY 1 0 FOR THE PRIMER KIT. 

ElilAG inc. 

61 8-529-4525 FAX : 61 8-457-01 1 0 

P.O.BOX 2042 CARBONDALE, IL 62902 
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MA \TEC INTERNATIONAL CORP. 



MODEL 2120 

Oscilloscope, 20 MHz, 
Dual Trace. 

REG. $549.00 

SALE $Call For Quote! 


MODEL 1541A 

Oscilloscope, 40 MHz, 
Dual Trace. 

REG. $845.00 

SALE ICall For Quote! 


MODEL 2501 

Digital Storage Adapter 
Converts Your Analog Scope 
To Digital Storage! 

REG. $357.00 

SALE $299.95 


MODEL 2522 

DS0, 20 MHz, 10 MS/s, 
2K Memory/Channel . 
REG. $995.00 

SALE $836.95 


Test Bench 
REG. $129.00 


MODEL 2160 

Oscilloscope, 60 MHz, 
Trace w/Delayed Sweep. 
REG. $1099.00 

SALE $Call For Quote! 


Dual 



8931 Brookville Rd, Silver Spring MD 20910 
800-638-2020 * 301-587-7824 * FAX 800-545-0058 
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LaserJet Utility 

Discoversoft’s TreeSaver ver- 
sion 3.0 enables existing DOS 
programs to print 2, 3, 4 or 
more pages on a single sheet of 
paper. TreeSaver “photo re- 
duces” pages so that you can fit 
full-page output onto any size 
sheet of paper. This mode can 
be used to create laser-printed 
pages for personal organizers, 
for instance. 

Version 3.0 adds more than 
20 new features and a new user 
interface. One major enhance- 
ment permits double-sided 
printing on standard (non-du- 
plexing) laser printers via 
“manual flip” or batch modes 
with front/back printing and 
job restart on any page. Two 
new print modes permit you to 
define “virtual’ ’ pages to con- 
vert 1-up label-printing rou- 
tines to 2-up or 3-up formats. 
Other new features include im- 
proved network compatibility, 
forced-duplex mode for Laser- 
Jet IID and HID from applica- 
tions that don’t directly sup- 


port duplex printing and the 
ability to switch the LaserJet 
Illsi back and forth between 
PCL and PostScript. 

The program now comes 
with RapidTransit, a utility 
that speeds graphics printing 
on the LaserJet IIP and III 
series. $90. Discoversoft, 1516 
Oak St., Alameda, CA 94501; 
tel.: 510-769-2902; fax: 510- 
769-0149. 
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Single-Board 

Computer 


Suncoast Technologies’ model 
70691 C is a single-board com- 
puter based on the 8051. De- 



signed for the hobby market, 
the 70691 C has a large area for 
prototyping. It has 14 standard 
I/O ports, RS-232 interface, 
8K EPROM socket for rapid 
code updates and a control pro- 
gram on a 360K disk. The pro- 
gram includes an editor, assem- 
bler, disassembler and hex-to- 
binary converter. The 70691C 
requires 1 00 mA at 5 volts dc (a 
partial power supply kit is op- 
tional), operates at 11.0592 
MHz and measures 3 7 / s " x 
454". $49. Suncoast Technol- 
ogies, PO Box 5835, Spring 
Hill, FL 34606. 
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High-End 

Computer Speaker 

Bose RoomMate Computer 
Monitor is a new high-perfor- 
mance speaker designed for 
people who use computers for 
MIDI, voice synthesizers, mu- 
sic composition, multi-media 
presentation, and even playing 
sophisticated games. The Bose 
RoomMate Computer Moni- 



tor incorporates a proprietary 
HVC driver and distortion- 
limiting circuitry. 

Each unit features a built-in 
amplifier with volume control 
and active equalization circuit- 
ry. The cabinet is crafted of 
high-impact copolymer sty- 
rene. Size is 9 /r x6" x 6". $339 
per pair. Bose Corp., The 
Mountain, Framingham, MA 
01701-9168; tel.: 508-879-7330; 
fax: 508-872-6541. 
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GeoWorks 

Stand-Alones 

GeoWorks, publisher of Geo- 
Works Ensemble , now offers 
its Personal Office Series 
(POS) of three stand-alone ap- 
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What’s New! By Peter R. O’Dell 


plications: Geo- Works Writer , 
Geo Works Designer and Geo- 
Works Desktop. Each applica- 
tion features a run-time version 
of PC/GEOS graphical com- 
puting environment. The inter- 
face provides novice and occa- 
sional users with a more-intui- 
tive way of working with the 
computer. POS products are 
designed to be used separately 
or combined into an integrated 
suite of applications that can be 
multitasked. These programs 
run on any IBM-compatible 
computer, regardless of CPU. 
$70 each. GeoWorks, 2150 
Shattuck Ave., Berkeley, CA 
94704; tel.: 510-644-0883; fax: 
510-644-0928. 
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Silicon Disk 

Cardinal Technologies has in- 
troduced a silicon storage 
“FlashCard” that functions 
similarly to a disk drive while 
providing instant start-up. It 
stores application software in 
flash memory ROM cards for 
instant access. The FlashCard 
memory is reprogrammable 
while installed in the computer, 
using a utility supplied with the 
card. It can be “write protect- 


CAD For Windows 

Dr a fix Windows CAD 2.0 
from Foresight Resources in- 
troduces an entirely new user 
interface. An all-new “CAD 
Edit Bar ” shows the geometric 
information of the last item 
drawn or any item selected in 
the drawing and makes it avail- 
able for editing. An “Intelli- 
gent Cursor” gives you con- 
stant visual feedback on which 
snap mode you selected and 
what input the system expects 
next. Icons now represent most 
drawing, editing and display 
functions contained in the 
menu, making for easy user 
selection. 

Windows CAD 2.0 ad- 
dresses the problem associated 
with the size of text on high- 
resolution monitors by allow- 
ing you to choose the sizes of 
icons and text bars. Other not- 
able user-interface improve- 
ments include clustering of all 
editable information at the top 
of the display for minimal 


Line Conditioners 

Tripp Lite's LS 600 series line 
conditioners prevent damage 
and loss of data from brown- 
outs and overvoltage. They 
plug into a standard 1 17-volt 
ac wall outlet and automatic- 
ally regulate fluctuating in- 
coming voltages, the LS600 
features two ac outlets with 
600- watt output and regulates 
low voltages, effectively cor- 
recting for brownouts and 
preventing equipment dam- 
age. The LS604 has four ac 
outlets with 600-watt output 
and corrects both brownouts 
and overvoltage from 87 to 
140 volts ac. Both models fea- 
ture complete spike and line- 

ed” to ensure viral immunity 
when the operating system is 
installed on the card. Designed 
as a compact half-card that Fits 
into an expansion slot, Flash- 
Card is expandable to 2M of 
memory. It comes with DR- 
DOS 5 . 0 operating system and 
the programming utility. $199. 
Cardinal Technologies, Inc., 
1827 Freedom Rd., Lancaster, 
PA 17601; tel.: 800-722-0094/ 
717-293-3000. 
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mouse movement, Windows 
standard “cascading menus” 
and a grid system that resem- 
bles engineering graph paper. 
Redraw speed is increased up to 
50% in the new version. 

The Drafix Graphics Lan- 
guage and new Drafix Macro 
Editor permit you and third 
parties to modify Drafix Win- 
dows CAD 2.0 to meet specific 
needs. Macros can perform a 
multitude of tasks, including 
automatically exchanging in- 
formation through Windows 
DDEs. Database capabilities 
permit creation of Bills of Ma- 
terials and Parts Lists in Excel 
and other Windows spread- 
sheet and database programs. 
Enhanced clipboard support 
makes pasting images to tech- 
nical documents fast and easy. 
$695, program; $145, upgrade. 
Foresight Resources Corp., 
10725 Ambassador Dr., Kan- 
sas City, MO 64153; tel.: 816- 
891-1040; fax: 816-891-8018. 
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noise suppression, circuit 
breakers and illuminated pow- 
er switches, and both meet 
ANSI C84. 1 specifications for 
voltage regulation. $129, 
LS600; $159, LS604. Tripp 
Lite, 500 N. Orleans, Chica- 
go, IL 60610-4188; tel.: 312- 
329-1777; Fax: 312-644-6505. 
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Network Manager 

Idleboot is a TSR developed by 
Horizons Consulting for net- 
work administrators to man- 
age problems created by users 
who leave their workstations 
without closing files and log- 
ging off. The utility watchdogs 
users by identifying when a 
workstation has sat “idle" for 
too long. Once this is detected, 
Idleboot automatically forces 
the workstation to close files 
and logoff. It then reboots the 
workstation. The package fea- 
tures many options, like aud- 
ible alarms, hot-key user dis- 
able, reconfiguration from 
batch files, metering and more. 
Price depends on number of 
users; single-user evaluation 
package is $30. Horizons Con- 
sulting, 1432 E. Commercial 
St., Springfield, MO 65803; 
tel.: 417-839-2174; Fax: 417- 
831-1329. 
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Industrial I/O Cards 

Models 8311 and 8315 relay 
control cards are available for 
STD bus industrial control ap- 
plications from DDI, Inc. Use 
of solid-state relays permits the 
cards to handle both ac and dc 
loads. Model 8311 switches 1 
to 50 volts dc/peak ac at 1 am- 
pere maximum. Model 8315 
switches 1 to 180 volts dc/peak 
ac at 0.4 ampere. The latter 
model can effect random turn- 
off as well as random turn-on 


4-ln-l Multimeter 

Model MM100A from Hub 
Material Co. is a new multi- 
plexed scanning DMM with 
four input channels featuring 
three modes: four-channel 354- 
digit, two-channel 454-digit 
and single-channel 9-digit. 
Basic dc accuracy is rated at 
0.2%. Each channel's display 
is individually programmable 
for manual or autoranging, 
comparative mode, data hold 
and relative reference. Press- 
ing a Bargraph membrane key 
switches the display to Chan- 
nel 1 only, with a 454-digit 
display and 16-segment ana- 
log bargraph. 

Dc voltage can be measured 
in five ranges from 0.2 to 500 



volts, ac voltage in four 
ranges from 2 to 500 volts. Dc 
current-measuring is done in 
three ranges, from 20 mA to 2 
amperes, and resistance is 
measured in five ranges, from 
2K to 20M ohms. Size is 7"H 
x 4"W x 1 3 //'D. $230. 
HMC, 33 Springdale Ave., 
Canton, MA 02021; tel.: 617- 
821-1870; Fax: 617-821-4133. 
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for 1 17- volt ac loads. $88 and 
up. DDI, Inc., 5 Dodge St., 
Suite 310, Beverly, MA 01915; 
tel.: 508-927-7976; Fax: 508- 
921-6388. 
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P-C-B ARTWORK MADE EASY ! 

Create and Revise PCB Art in a Flash 

* For IBM’s & COMPATIBLES 

* HERC, CGA, EGA, VGA, SUPER-VGA 

* AUTO GROUND PLANES 

* DOT- MATRIX, LASER and PLOTTER ART 
‘GERBER and EXCELLON OUTPUT 
‘CREATE VOUR OWN FILMS with IX ART 

* LIBRARIES * HELPSCREENS * MENUS 
‘DOWNLOAD DEMOS from 24 hr. BBS' 


PCBoardS - layout program 99.00 

PCBoards HP or HI PEN PLOTTER DRIVER 49.00 
PCBoards GERBER & EXCELLON Disk 49.00 

PC Route - autorouter 99.00 

SuperCAD ” schematic ...starts at 99.00 

Demo Pkg. - ( demos of all 3 programs ) 1 0.00 
Call or write for more information 

PCBoards 

2110 14th Ave. South, Birmingham, AL 35205 

1 (800)473-PCBS / (205)933-1 122 
BBS/ FAX (205)933-2954 



CIRCLE NO. 165 ON FREE INFORMATION CARD 


0 HITACHI 



MODEL # 
Y-212 

REGULAR 

$525.00 

SALE 

$419.95 


MODEL. 

V-212 

V-660 

V-665A 

V* 1060 

V* 1065A 


VC-6023 

VC-6024 

VC-6025 

VC-6045 

VC-6145 


DESCRIPTION 

REGULAR 

SALE 

Analog Oscilloscopes 

20 MHz, Dual Channel 

525.00 

419.95 

60 MHz, Dual Channel, Delayed Sweep, 

CRT Readout 

1345.00 

1045.95 

60 Wz, Dual Channel, Delayed Sweep, 

CRT Readout, Cursor Measurement, Counter 

1545.00 

1285.95 

100 MHz, Dual Channel, Delayed Sweep 

CRT Readout 

1645.00 

1365.95 

100 MHz, Dual Channel, Delayed Sweep, 

CRT Readout, Cursor Measurement, Counter 

1895.00 

1645.95 

Digital Storage Oscilloscopes 

20 Wz. 2 Ch, 20 MS/s, 2 KW/Ch, RS-232 

1995.00 

1689.95 

50 MHz, 2 Ch, 20 MS/s, 2 KW/Ch, RS-232 

2295.00 

1969.95 

50 MHz, 2 CH, 20 MS/s. 2 KW/Ch, Sweep 
Autorange, RS-232 

2595.00 

2189.95 

100 MHz, 2 Ch, 40 MS/s, 4K Mem, Sweep 
Autorange, RS-232 

3395.00 

2989.95 

100 MHz. 4 Ch, 100 MS/s, 4K Mem, Sweep 
Autorange, RS-232 

5295.00 

4489,95 


print: 



W 

m m m 

Products International ^ 

[QPj 


L+ 


8931 Brookville Rd, Silver Spring 20910 
800-638-2020 * 301-587-7824 * FAX 800-545-0058 
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Parallel-Port 
Data Acquisition 

EASY DATA from DAS is an 
external data-acquisition unit 
that connects to a personal 
computer via a parallel printer 
port. Software for IBM/com- 
patible computers is included. 
Setting up typically takes only 
a few minutes. The unit can ac- 
quire up to 16 signals simulta- 
neously, with a nominal single 
input throughput of 4 kHz. In- 
put polarity is software-select- 
able for unipolar or bipolar op- 
erations with a measurable 
range of - 10 to +10 volts. 
Software-selectable gains are in 
steps of 1, 10, 100 and 1,000. 
EASY DATA has a single ana- 
log output capable of produc- 
ing pulsed, square, ramp or tri- 
angular waves. Price, $269. 
Digital Air Systems, 1034 In- 
dustrial Rd., Orem, UT 84057; 
tel.: 801-224-8080; Fax: 801- 
224-8087. 
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DOS From 

Osborne/McGraw-Hill 

DOS 5 Made Easy 
By Herbert Schildt 

(Soft cover. 390 pages. 
$19.95.) 

This book is appropriate for 
entry-level and intermediate 
users. It follows the “Made 
Easy” format with step-by- 
step lessons and hands-on 
examples of the topics cov- 
ered . The aut hor begins with 
an overview of a computer 
system’s components and 
then provides a detailed 
description of how to run 
DOS 5 for the first time. He 
goes on to cover the DOS 
shell, file system and struc- 
ture and other basics. 

The emphasis is equally 
divided between the DOS 
shell and command line. 
Thankfully, the author de- 
votes an entire chapter to the 
new DOS 5 editor and rele- 
gates EDLIN to an append- 


ix, which is probably more 
attention than it deserves. A 
second appendix lists the 
most-often-used DOS com- 
mands, with examples of 
how they’re used. If you’re a 
casual DOS user and com- 
fortable with the command 
line for most simple opera- 
tions, this book can serve as 
an excellent introduction to 
DOS 5. 

Simply DOS 
By Kris Jamsa 

(Soft cover. 212 pages. 
$14.95.) 

This DOS 5 book is squarely 
aimed at the rank beginner. 
Topics in it are limited to 
those most often used, re- 
gardless of DOS version, 
and there’s no mention of 
the DOS Shell. Jamsa pro- 
vides numerous examples as 
he gently carries the reader 
over the rough edges of 
DOS. This book is richly il- 
lustrated with drawings and 


sketches. Topics covered 
range from how to install the 
power cord and turn on the 
machine to partitioning a 
hard disk with FDISK. This 
one is highly recommended 
to the total neophyte. 

DOS: The Pocket 
Reference, 2nd Edition 
By Kris Jamsa 

(Soft cover. 218 pages. 
$9.95) 

In short, this is an updated 
pocket reference of all the 
DOS commands. These are 
listed in alphabetical order, 
and there’s a brief section at 
the end devoted to CON- 
GIF. SYS and the various 
commands that can be used 
with that file. Each com- 
mand has a complete de- 
scription, easy-to-follow ex- 
amples and tips culled from 
the author’s years of ex- 
perience. Jamsa has done a 
superb job here, and the 
price is right, too. 
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Upgrading ByNickGoss 



A Tower of an Enclosure 


Here’s a build-it-yourself tower 
enclosure you can tailor to your 
computing needs. Starting here 
with foundation information, we’ll 
follow up with a stand-alone, fully 
buffered, powered and ventilated 
backplane bus expansion system 
that makes it a snap to expand 
your present system or experiment 
with new board designs. 


E xcept for a hard disk drive that 
fills up to capacity very quickly, 
however big, the greatest shortcoming 
most serious computer users find is a 
shortage of expansion slots. You be- 
come aware of the condition when you 
run out of slots to add a new plug-in 
card. Even if you do have a spare ex- 
pansion slot, you doubtlessly dread 
disassembling everything in order to 
plug it in. Moreover, if you want to ex- 
periment with a new design you’ve put 
together yourself, you’re likely to hes- 
itate because if something goes wrong, 
it might blow parts of your computer. 

All of the above have frustrated me 
for some years now. So I created a 
large module that takes care of every 
aspect very nicely . . . and safely. I call 
it CYANCE (pronounced “Science”) 
because I intend to also use it as a 
scientific computing platform. Here 
are its outstanding features: 

(1) It’s a vertically configured plat- 
form that sits on your floor, desk or 
lab bench. This gives you more room 
to work, makes accessing side panels 
easier and provides better internal 
cooling conditions. 

(2) It uses a front-load chassis, plac- 


ing your expansion bus and peripheral 
cards in the front of the unit to make 
changing boards and cables direct and 
easy to do. A side panel that’s affixed 
by two knurled screws extends this 
convenience. 

(3) It’ll accommodate virtually any 
type of power supply, letting you scale 
it for the task at hand. 

(4) It can be used to actively extend 
your existing computer bus by adding 
eight additional buffered and isolated 
expansion slots in a backplane design. 
This is particularly important when 
developing and experimenting with 
new peripheral card designs. 

(5) It’s also designed to be able to 
use virtually any type motherboard on 
the market, from 8088 to 80486 pro- 
cessors, if you wish to create your own 
special computer. This allows you to 
employ a motherboard of your choice, 
even including one from an old com- 
puter so that the whole shebang is 
more convenient to use. 

(6) Finally, the tower looks just 
great: a rugged enclosure with all- 
black metal, a removable black Plex- 
iglas front panel with a key switch, and 
rack-mount-like handles on top (for 


easy carrying purposes) and on front 
(for quick Plexiglas removal). You can 
build it yourself from plans to follow 
by visiting your local metal shop or 
purchase the metal parts (see Parts 
List) for only $99.95. 

As you can see, CYANCE may be 
just the expansion system you need. 
We focus here on building the enclo- 
sure. In coming months, we’ll address 
a bevy of ways its innards can be 
populated. 

Design Considerations 

The original IBM PC set a standard 
for computers built around the Intel 
80xxx series microprocessors. Though 
the PC (and clones) is a good concept, 
access to its expansion bus is inconve- 
nient. In CYANCE, the motherboard 
is rotated 180° so that its expansion 
slots face the front of the enclosure, 
which simplifies everything. 

To access the interior of CYANCE, 
you remove two thumbscrews from 
the right side panel, which frees the en- 
tire panel to let you install your choice 
of motherboard, passive backplane or 
individual peripheral cards. 
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Convenience is carried an impor- 
tant step further as well. There are two 
front panels — a structural metal inner 
panel and a black plastic outer panel. 
Removing two screws drops off the 
front panel. This provides easy access 
to the connectors on any cards plugged 
into the bus. After plugging in cables, 
you route those that go to your key- 
board and any device you’ll be using 
temporarily, such as an EPROM pro- 
grammer, down the inner front panel. 
Cables for devices you’ll be using per- 
manently — like a printer, video dis- 
play, mouse, etc. — route in the same 
manner and then through the inner 
front panel and a slot in the rear panel 
for connection to the peripherals. 

Once the cables are connected, you 
secure the plastic outer panel with the 
screws you previously removed. This 
arrangement hides unsightly cables 
and connectors and offers greater con- 


nection security since the front panel 
deters the cables from being acciden- 
tally unplugged from their connectors. 

In high-power applications, “hot 
spots” can develop where high-density 
circuits create more thermal energy 
than can be reliably dissipated. CY- 
ANCE has a small fan mounted on its 
rear panel to eliminate heat build-up. 
Air is drawn under the front of the en- 
closure, through the chassis and is ex- 
pelled through a top-rear exhaust port. 

A switching-mode power supply 
(SMPS) is mounted under the upper 
shelf of the enclosure, near the fan for 
maximum cooling and physically iso- 
lated from the main area of the enclo- 
sure. You can select a power supply 
with sufficient capacity to power any 
system configuration you install inside 
CYANCE. 

Featured with this enclosure are a 
locking key-type power switch and 


lighted RESET pushbutton switch. 
Two disk drives can be installed inside 
CYANCE. One half-height drive bay 
is accessible from the front of the 
enclosure. It can accommodate a stan- 
dard 5%" floppy drive or, with an ap- 
propriate adapter kit, a V / 2 " floppy 
drive. Behind this, you can mount a 
hard drive. 

Building It 

CYANCE’s chassis is simple to assem- 
ble from metal components you can 
have a sheet-metal shop fabricate 
from the drawings presented here or 
obtain them from the source given in 
the Note at the end of the Bill of Ma- 
terials. Though most sheet-metal 
shops can cut and bend the aluminum, 
in many cases, the equipment used 
may not be precise enough to produce 
satisfactory results. 
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CYANCE SIDE PANEL 
REVERSE FOR LEFT & RIGHT 


O 


O 


♦NOTE: SPOT THESE KNOBS AFTER BREAKING SIDE PANELS. 


OFFSET 
. 1 00 


3“ 


O 


o 


o 


L 


90 DEG. 
BEND 


CYANCE TOP COVER ASSEMBLE 


90 DEG. 
BEND 



2 . 0 - — !— 




♦NOTE: USE THE TOP COVER MOUNTING HOLES TO 
SPOT HOLES IN TOP SHELF ASSEMBLY, THEN DRILL. 


The side panels are the reverse of each other. 
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STANCE TOP AND BOTTOM 
SHELF ASSEMBLIES 


DISK DRIVE CABLE 
ACCESS HOLE IN TOP SHELF. 


o o 


' 15 " 


♦NOTE? THE BOTTOM SHELF ASSEMBLY 
IS 1" SHORTER IN FRONT THAN TOP SHELF! 

♦NOTE: SPOT TOP COVER MOUNTING HOLES AND 
FRONT LEFT & MOTHER CARD BRACKET HOLES. 

♦NOTE: USE SWITCH COVER PLATE TO SPOT THESE CUT-OUTS. 


For the top shelf, you must drill the side holes and cut the disk-drive cable access slot and round and square holes for key 
type and pushbutton power and reset switches. Only mounting holes through the sides of the bottom shelf are needed. 


If you have a sheet-metal shop fa- 
bricate the parts, insist that all bent 
members form sharp 90 ° angles. Have 
the shop fabricate the parts out of 
0.050 ,/ or 0.063 ,/ thick sheet alumi- 
num. The heavier aluminum makes 
for a much sturdier chassis, though it’s 
more difficult to work. 

You can bore all holes with a hand 
drill. Be sure to very carefully measure 
and mark everything and center- 
punch each hole before actually drill- 
ing to keep the drill bit from wander- 
ing. Always “pilot” the initial hole 
with a drill bit that’s half as small as 
the final hole size. It’s often best to 
start large holes with a smaller bit and 
increase drill sizes several times to 
reach final hole size. It’s also good 
practice to wear cotton gloves when 
you work with unfinished metal to 
minimize the possibility of being cut 
while handling sharp metal pieces. 

As you begin to build the CYANCE 
unit, keep in mind the hardware you’ll 
be installing inside it. If you plan on 
permanently mounting some connec- 


tors on the rear panel, for example, 
drill the holes and make cutouts for 
them now. If you want a digital or 
other type of display on the front 
panel, make suitable arrangement for 
it before proceeding further. 


Once you have all aluminum mem- 
bers ready to go, use a metal file to 
“break” any sharp straight edges 
formed during the machining process . 
Deburr the sharp edges of round holes 
with a reamer or a Moto-Tool fitted 


BILL OF MATERIALS 


Qty. Description 

Part No. 

1 

Top shelf 

4510 

1 

Bottom shelf 

4511 

2 

Rear corner bracket 

4512 

1 

Rear panel 

4513 

1 

Front panel 

4514 

1 

Switch cover panel 

4515 

1 

Switch backing panel 

4516 

1 

Front-right bracket 

4517 

1 

Front-left bracket 

4518 

1 

Card-holder bracket 

4519 

1 

Mother-card bracket 

4520 

1 

Top cover 

4521 

1 

Left Side panel 

4522 

1 

Right Side panel 

4523 

62 4-40 / 4 " button-head screw 


22 4-40 Thread-Sert 

4103 

1 

Large handle 

4319 

1 

Small handle 

4320 


2 Threaded 4-40 x 1 " spacer 4321 
4 8-32 thumbscrew 4322 

4 8-32 Keps Nut 4104 

4 Rubber feet 

1 Key-operated switch 5006 

1 Lighted pushbutton switch 5007 

Note: The following items are available from 
U.S. Cyberlab, Inc., Rte. 2 Box 284, Cyber 
Rd., West Fork, AR 72774 (tel.: 501-839- 
8293: Complete kit of all metal parts for 
enclosure, S99.95, 10-MHz turbo 8088 
motherboard, $99.95; 16-MHz 80286 moth- 
erboard, $239.95, 16-MHz 80386SX moth- 
erboard, $349; 33-MHz 80486 mother- 
board, $1,395 (call for latest prices). Add 
$8.95 P&H for metal kit. Arkansas resients, 
please add 5% sales tax. MasterCard/ Visa 
accepted. 
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A variety of brackets and a switch plate and switch backing complete the metal members you need to build 
the enclosure. 


with a ball-type abrasive or steel ac- 
cessory “bit.” 

If the aluminum members have any 
oil on them or are excessively dirty, 
scrub them with soapy water and 000 
steel wool. Thoroughly rinse the parts 
and pat dry with paper towels. Allow 
them to thoroughly air dry. 

Aluminum is a remarkable metal in 
terms of strength-to- weight ratio, ma- 
chinability, etc. However, it’s difficult 
to paint properly. You may have had 
some experience painting aluminum 
chassis in the past, only to find that the 
best paint job is extremely easy to 
scratch. This can be attributed direct- 
ly to the fact that aluminum oxidizes 
easily and becomes so smooth that 
paint primer can’t “grab” the metal 
surface to assure a good bond. In in- 
dustry, special chemical processes 
called “conversion coatings” are ap- 
plied to bare aluminum to make paint 
bond to it quite easily. Aluminum 


parts from Cyberlab are processed 
with an Irridite™ conversion coating 
that makes them appear iridescent 
gold. Paint bonds extremely well to 
these surfaces, and unpainted parts 
have a professional appearance. 

If you have a sheet-metal shop fa- 
bricate your aluminum parts, prepare 
them for painting by carefully dipping 
them in ferric-chloride (printed-circuit 
etchant) diluted with an equal amount 
of tap water. Allow the ferric-chlor- 
ide solution to etch the surface of the 
aluminum for a few minutes. Do this 
in a well-ventilated area— never inside 
your home . Etching removes unwant- 
ed surface scratches, machining burrs 
and chips, and roughens the smooth 
surface of the aluminum. 

When the finish looks uniform, 
carefully remove the part and rinse it 
under cold running water. Then lightly 
wipe off any excessively dark areas 
with a cloth and rinse again. The idea 


is to leave enough aluminum chloride 
on the surface of the part to provide 
a good microscopic metal “primer.” 

When the parts are dry, finish them 
with any good spray paint. I recom- 
mend using a flat or semi-flat black 
paint, which is easier than other col- 
ors to touch up when scratches that 
will inevitably occur appear. 

One final prototyper’s trick is to use 
textured “trunk paint” available from 
automotive supply stores. When ap- 
plied to the side panels as an under- 
coating, this will give CYANCE the 
look and feel of a textured finish like 
that on mainframe computers and 
cash registers. Your CYANCE parts 
should now look like they were profes- 
sionally manufactured. 

Before you assemble the chassis, 
double-check all measurements and 
parts to make sure everything is in 
order. If everything checks out okay, 
refer to the photos provided here as 
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Begin assembling the main chassis by loosely bolting the After securing the motherboard brackets to the bottom shelf 

corner brackets to the bottom shelf. secure the top shelf to the ends of the upright brackets. 
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Square up the enclosure and tighten all hardware and mount the switches in their 
respective holes and your choice of disk drive to the top shelf. Also, install your 
choice of motherboard, passive backplane or bus-expansion system. 



After securing the top cover and left side panel to the enclosure, plug expansion 
cards into the bus and then use thumbscrews to secure the right side panel. 



This enclosure design provides easy 
access to the connectors on expan- 
sion cards plugged into the bus. After 
connecting and routing cables, you 
mount the top panel and left and right 
panels and finish up by installing the 
plastic outer front panel. 


you proceed with assembly. 

Begin assembly by securing with 
four 4-40 x l / 4 " button socket-head 
screws the switch cover plate and 
switch backing plate to the front of the 
top shelf assembly. Don’t fully tighten 
any screws until you’ve completely as- 
sembled the enclosure so that you have 
the slack needed to properly align the 
chassis. 

Next, mount the power keyswitch 
and reset switch into place. Check 
your work against the photos. Notice 
how the lower edge of the switch cover 
plate offsets to hold the removable 
front panel. 

Secure the bottom shelf assembly 
and both rear corner brackets in place 
with 4-40 x screws. Then secure 
the top of both rear corner brackets to 
the top shelf assembly. Notice that the 
rear corner brackets mount inside the 
shelves. This is important for proper 
fitting of the side panels. 
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Mount the front-left and front-right 
brackets to the top and bottom shelves 
with 4-40 x /" screws. Notice that the 
front-left bracket has a wider side 
flange than that on the front-right 
bracket. This flange is used to mount 
a motherboard. 

Now secure the card-holder bracket 
to the front-right bracket with three 
4-40 x V//' screws and nuts. (Kit parts 
are provided with “thread-serts” that 
eliminate the need for nuts. These nuts 
are fabricated directly into the alumi- 
num part for a professional finish.) 
Then finish this step by mounting the 
mother card bracket to both top and 
bottom shelves. 

Mounting the rear panel to both 
rear corner brackets completes assem- 
bly of the basic CYANCE chassis. All 
that’s left to be done is to tighten all 
screws. As you do this, make sure 
everything is straight and ‘ ‘true. ’ ’ You 
don’t want a chassis that stands at a 
93 ° angle! 

Finish up by test fitting the left and 
right side panels, using thumbscrews 
to secure them in place. Mount the 
front panel bottom spacers on the 
front left and right brackets. Handles 
are optional and can be “spotted” 
wherever you wish to place them. The 
prototype unit has one on the top for 
carrying and another on the front 
panel for easy panel removal. 

When you’re done assembling your 
CYANCE enclosure and have had an 
opportunity to check out its interior 
and exterior features, you’ll soon 
come to realize just how versatile is 
this platform. Whether you build it as 
an expansion chassis for your present 
computer or as the housing for a new 
motherboard or backplane computer 
system, you’ll readily appreciate its 
many advantages over traditional sys- 
tem-unit boxes. 




ELECTRONIC 

COMPONENTS 

Whether you order 1 part or 
all 36,284.. .MOUSER stocks 
and. ..can ship today!! 
MOUSER also makes it easy to 
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Laser 

Printer 

Toner Cartridge 
Recharging 


•Earn up to $1 25/hr at home - P/T 
•$32K - $65K Annual Income - P/T 
• Low-Cost , high-quality, videotape 
and “hands-on” training available 



•Huge Market - less than 5 in 100 
cartridges recharged last year 
•100% Money-Back Guarantee! 
•Call NOW for complete details 


1 - 815 - 748-5823 

The Laser Group, Inc. 

223 Palmer Court • Suite 100 • De Kalb, IL 60115 
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Shortcuts to Repair PC's Down to the 
^ Chip Level in Under 10 Minutes 




MANAGERS 

NAC PROGRAMS CAN: 

Help your department drastically reduce 
down time and increase efficiency. 

Increase productivity of 
staff and users. 

Saves your department 
valuable dollars on com- 
puter support and repair. 

Reduce computer spare 
parts inventory. 

Safeguard valuable data 
from hardware failure. 

Provide immediate re- 
sponse to customer and/or 
department needs. 

Make your department 
more self sufficient. 

Increase quality 
and knowledge 
of technicians. 

Offer your staff 
opportunities for 
self-improve- 
ment. 


TECHNICIANS 


NAC TRAINING OFFERS: 

• The most comprehensive hands-on train- 
ing classes available. 

• New tools add information 
to shorten troubleshooting 
and repair time. 

• The latest schematics not 
available from IBM and 
other manufacturers. 

• Vital Novell/LAN skills that 
will make you more knowl- 
edgeable and more valu- 
able at your job. 


A 


M. 


tiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiii 

miiiimmiiiinmuiiiiiiiiiui 


Nuts and bolts training from 
Analog Signal to Zero Wait 
State. 

PC Repair, PS/2, Printers, 
Networking, PS/2 Monitors, 
and Front-Line Support 


Courses. 


CALL (800) 832-4787 - in calif. (800) 443-3384 

2730-J South Harbor • Santa Ana. CA 92704 • (714) 754-7110 
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Applications By SF Sparrow 


Beyond Super-VGA 

There is a lot more than just 1 ,024 x 768 x 256 
colors in your computing future 


N ot so many computer years ago, 
four-color CGA was the cutting 
edge of video graphics technology. It 
was quickly and thankfully replaced 
by 16-color EGA, which ruled the 
computer theater for a respectable 
time before being upstaged by the 
256-color performance of VGA. 
Graphics-card developers and appli- 
cations programmers kept upping the 
visual ante with greater and greater 
resolutions that have included the 
Super-VGA formats of 640 x 480, 
800 x 600 and 1,024 x 768. 

Now manufacturers of multisync 
and other types of monitors are talk- 
ing about resolutions of 1,280 x 1,024 
and better as if they were already part 
of the Super-VGA standard. What’s 
the next card to be played in the esca- 
lating game of computer graphics? As 
you’ll presently see, there’s a rich 
future in store for those people who 
constantly seek better and better in 
video graphics. 

XGA 

The answer to the “What’s next?’’ 
question was revealed in part in late 
1990, when IBM announced Extend- 
ed Graphics Array (XGA). This an- 
nouncement accurately touted XGA’s 
high resolution and speed. XGA 
graphics are currently integrated into 
the more up-scale PS/2-model com- 
puter systems and are also included as 
separate cards that can plug into a 
Micro Channel slot. 

The new XGA graphics technique 
is limited to a maximum resolution of 
1,024 x 768 x 256 colors, like most 
of today’s Super-VGA cards. This 
kind of extended resolution wasn’t 
new to a large number of independent 
video card developers, even in late 
1990. XGA is good, but most of its 
technical descriptions about graphics 
modes, resolutions and videoRAM 


speed aren’t much to get excited 
about, unless you own a PS/2. 

However, one thing that’s very ex- 
citing about XGA is that it has a video 
mode that I BM calls “Direct Color . ’ ’ 
The Direct Color mode uses 1 6 bits of 
data to display 65,536 (64K) colors. 
The 16 bits of data are shared between 
the primary colors generally used in 
video display systems. Five bits are 
assigned to red, six bits to green and 
five bits to blue. 

The XGA graphics controller uses 
data encoding and lookup tables to de- 
termine the parameters of all those 
colors. Like any video card that 
reaches for extended VGA resolution, 
at least 1M of RAM is needed. To 
anyone who views it, 64K colors is 
photo-realistic quality and quite im- 
pressive. So far, XGA has been limited 
to IBM’s Micro Channel and its pro- 
prietary bus-mastering system. 

IBM provides some XGA software 
drivers that include support for Win- 
dows and AutoCAD , but the best 
driver support for XGA remains inte- 
grated into the OS/2 operating sys- 
tem. Consequently, ISA architecture 
has yet to see XGA. This could change 
shortly, though, because IBM has un- 
characteristically published the spec- 
ifications for XGA. That’s a decidedly 
different approach for IBM, and 
XGA is undoubtedly a solid upward 
move for the corporate giant, even if 
the board’s $ 1,000-plus initial price 
tag was on the high side. The cost of 
XGA has come down since then, mak- 
ing this format more attractive, but 
there are other players in the highly 
competitive computer graphics game 
that deserve careful consideration. 

True Color 

64K color will get you photo-realistic 
quality, as XGA proves. What may be 
surprising to some users is that photo- 


realistic imaging has been going on for 
some time under various names, one 
of which is “True Color.’’ This term 
is freely tossed about and difficult to 
pin down to an exact definition. Some 
video experts use it in reference to 24- 
and 32-bit images. Others expand the 
description to include 16-bit color. 
Still other others don’t really attach 
any particular meaning to it. 

Whatever its precise definition, 
True Color remains inaccessible to 
many users because obtaining it is 
quite expensive. It’s routinely used by 
imaging professionals who work with 
expensive imaging hardware systems 
and software. 

One of the better-known names in 
True Color imaging is Targa. True 
color video adapters, such as Targa’s 
Truevision board, are designed pri- 
marily for industrial use. They’re 
made to interface with high-end video 
cameras, recorders and display sys- 
tems and are normally driven by very 
expensive software that can change 
minute details and characteristics of 
any graphics image. 

Recently, more capable animation 
software has been written that makes 
more precise use of True Color graph- 
ics. A couple of those software titles 
are Lumena by Time Arts and Topas 
by AT&T. Newer True Color systems 
can handle 32-, 24- and 16-bit color at 
varying resolutions. Handling so 
much data in a timely manner requires 
video circuitry and memory compo- 
nents that are diverse, expansive and 
fast. This is especially true in the case 
of the 16.7-million colors of 24- and 
32-bit images. 

The cost of professional video 
adapters makes an XGA’s price tag 
look cheap. Hefty prices are tolerated 
by imaging professionals who need sill 
the speed and resolution they can get 
(Continued on page 26) 
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"A NEW! 
386sx/20 MHz < 
' computer, 40 meg 
hard drive! 


Learn to troubleshoot and 
service today's computer 
systems as you build a < 
powerful 386sx/20 MHz 
computer! 


Train the NRI way— and learn to 
service all computers as you build 
your own powerful West Coast 
386sx/20 MHz computer, now 
with 1 meg RAM, 40 meg IDE 
hard drive, and exciting 
new diagnostic hardware 
and software! 


Jobs for computer service technicians 
will almost double in the next 10 years according to Department 
of Labor statistics, making computer service one of the top growth 
fields in the nation. 

Now you can cash in on this exciting opportunity— either 
as a full-time industry technician or in a computer service business 
of your own — once you've mastered electronics and computers the 
NRI way. 


Only NRI gives you 
such confidence-building, real- 
world experience. Only NRI gives you 
both the knowledge and the professional tools to succeed as 
today's in-demand computer service technician. 

No experience needed... NRI builds it in 


Get real-world skills as you train with and 
keep a powerful 386sx-based computer 
system plus Microsoft® Works software 


Only NRI gives you hands-on training with the finest example of 
state-of-the-art technology: the powerful new West Coast 386sx/ 
20 MHz computer. As you assemble this fully IBM PC/AT- 
compatible machine, you actually see for yourself how each 
section of your computer works. 

You assemble and test your computer's "intelligent" 
keyboard, install the power supply and 5 1 // high-density floppy 
disk drive, then interface the high -resolution monitor. 

Your hands-on training continues as you install a powerful 
40 meg IDE hard drive— today's most-wanted computer periph- 
eral— now included in your course to dramatically increase your 
computer's data storage capacity while giving you lightning-quick 
data access. 

Plus you now work with today's most popular integrated 
software package, Microsoft Works, learning to use its word proces- 
sing, spreadsheet, database, and communications utilities for your 
own personal and professional applications. 

But that's not all! 


With NRI training, you learn at your own convenience in your 
own home. No classroom pressures, no night school, no need to 
quit your present job until you're ready to make your move. 

NRI starts you with the basics of electronics and computers, 
building on that foundation step by step until you have the 
knowledge and skills you need for success. 

And all throughout your training you've got the full 
support of your personal NRI instructor and the entire NRI 
technical staff, always ready to answer your questions and help 
you achieve your training goals. 

Send for your FREE catalog today! 


Send today for NRFs big, free catalog that describes every aspect of 
NRI's innovative computer training, as well as hands-on training 
in other growing high-tech career fields. 

If the coupon is missing, write to: NRI Schools, McGraw- 
Hill Continuing Education Center, 4401 Connecticut Avenue, 

NW, Washington, DC 20008. 

IBM and AT are registered trademarks of the IBM Corporation. R.A.C.LR. and QuickTech are 
registered trademarks of Ultra-x, Inc. West Coast is a member of the Syntax Group. 


NEW! Ultra-X diagnostic 
hardware and software for 
fast, accurate troubleshooting 


Now you train with and keep the 
latest in diagnostic hardware and 
software: the extraordinary 
R.A.C.E.R. plug-in diagnostic card 
and QuickTech menu-driven 
software, both from Ultra-X. Using 
these state-of-the-art tools, you 
learn to quickly identify and 
service virtually any computer 
problem on XT, AT 80286/80386, 
and compatible machines. 


SEND CARD TODAY FOR FREE NRI CATALOG 



r McGraw-Hill Continuing Education Center 

Schools 4401 Connecticut Avenue, NW, Washington, DC 20008 


^ Check one FREE catalog only □ 

□ 

□ MICROCOMPUTER SERVICING □ 

□ TV/Video/ Audio Servicing □ 

□ Telecommunications 

□ Industrial Electronics & Robotics □ 

□ Security Electronics 

□ Electronic Music Technology □ 

□ Basic Electronics 


HK 


Computer Programming 
PC Software Engineering Using C 
Desktop Publishing k Design 
Word Processing Home Business 
Bookkeeping & Accounting 
Air Conditioning, Heating, k Refrigeration 
Building Construction 
Small Engine Repair 
Automotive Servicing 


U For career courses 
approved under Cl Bill, 
check for details. 


(please print) 


Age 


Address 


City/State/Zip 


Accredited Member, National Home Study Council 
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A 24-bit Targa image at 640 x 480 resolution in Hi-Color 
using AXA WaterColor. 


A 24-bit Targa image viewed with ImagePrep running under 
Windows in Hi-Color. 



Hi-color painting of Yellowstone National Park, viewed Hi-Color painting by Shin Yamamoto of a meadow, with 
with AXA WaterColor. Painted with AXA WaterColor by WaterColor control panel is visible, 
graphics artist Shin Yamamoto of Canon Japan. 


to compete in a demanding market- 
place. This kind of prodigious graph- 
ics system is understandably beyond 
the reach of most home users and 
many small businesses. 

Hi-Color 

True Color shows that photo-realistic 
computer imaging isn’t new. XGA 
just pulled a little closer to home that 
realm of high-quality graphics. How- 
ever, there’s another exciting move- 
ment toward techniques that render 
true color at a comparatively very low 
cost. It’s called “Hi-Color” by vari- 
ous developers, and it’s destined to be 
a key factor in computer graphics. 

Like XGA, Hi-Color limits itself to 
1 6 bits of video data. Hi-Color differs 
from XGA in that it uses only 1 5 data 
bits as actual video information, with 
five bits each for the red, green and 


blue primary colors. In it’s present 
form, Hi Color can’t approach the 
phenomenal photographic quality of 
the 32-bit display environment. Nor 
can it quite equal the more than 65,000 
colors of XGA’s Direct Color. Con- 
trast it, though, to 256-color VGA and 
Super-VGA, even with its extended 
modes of operation. 

Although similar pixel resolutions 
are used, Hi-Color displays 32,768 
colors. This is a large jump from the 
256 colors of VGA. The visual differ- 
ence is likewise a quantum leap in 
quality. The real treat of Hi-Color is 
that all it takes is a Hi-Color video 
card, proper software drivers and an 
ordinary VGA video display monitor. 

An increasingly popular method of 
achieving Hi-color is achieved by us- 
ing the new Sierra RAM DAC, from 
Sierra Semiconductor and the ET4000 


chip set from Tseng Labs. Tseng Labs, 
you may recall, is the developer of the 
ET3000 chip set that helped introduce 
low-cost VGA cards. 

The main principle of Hi-Color op- 
eration revolves about the Sierra 
RAM DAC. During a single clock cy- 
cle, the hardware is able to read a full 
16 bits of data instead of the normal 
eight bits. Each clock cycle uses both 
leading and trailing edges to read each 
of a serial group of eight bits. That’s 
16 bits total, but bit 16 is dropped. The 
15 bits are fed to the DAC in parallel 
configuration and processed in a time- 
ly manner. XGA’s technique is similar 
in principle. An interesting difference 
is Hi-Color’s discarding of bit 16. This 
was done initially to make the process 
closely compatible with the symmetri- 
cal format of Targa 16. 

About the time Hi-Color was com- 
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ing along, IBM’s unannounced XGA 
format was being developed to use 
that 16th bit for more shades of green. 
With little modification to its own 
chip, Sierra Semiconductor has begun 
shipping samples to developers of its 
next version DAC that deals with the 
16th bit, making Hi-Color compar- 
able to Direct Color. When developers 
fully implement the 16th-bit configu- 
ration, which in some cases is a mat- 
ter of firmware change, Hi-Color will 
be one up on XGA. 

Presently, Hi-Color can work at 
both 640 x 480 and 800 x 600 resolu- 
tions. XGA can’t deliver its Direct 
Color at anything greater than 640 x 
480 resolution. Interestingly, an image 
done in 64K colors doesn’t necessari- 
ly look much better than the same im- 
age done in 32K colors. With some im- 
ages, the difference is easily noticed. 
With others, it takes an image with the 
right color mix and a good , close look . 

CEG 

Another method of getting more out 
of a display system is presented by Ed- 
sun Laboratories, using a technique 
called Continuous Edge Graphics 
(CEG). This technique adds intelli- 
gence to an ordinary video output sys- 
tem like PostScript or another printer 
programming language adds intelli- 
gence to a printing system. This intel- 
ligence, situated between the video 
card’s frame buffer and the computer 
screen, allows software to encode cer- 
tain aspects of video information and 
store the values inside the frame buf- 
fer. Thus, the codes can be accessed 
and processed quickly enough to 
avoid drastically reducing video dis- 
play speed. 

Special encoding permits a typical 
eight-bit (256-color) VGA display sys- 
tem to have a usable range of more 
than 740,000 simultaneous colors. 
The result is an apparent increase in 
monitor resolution of about four 
times. As with Hi-Color, there’s no 
need to buy a new VGA monitor. 

Understanding the basics of CEG 
requires a look at monitor display- 
versus-human perception of the real 
world. Real-world images appear to 
have extremely smooth edges. Com- 
puter images, by contrast, have a de- 
finable, relatively low pixel and color 
resolution. Consequently, images ap- 
pear to have jagged edges, even when 


viewed in extended Super-VGA with 
the best monitors. The jagged edges, 
seen pixel by pixel, is called “alias- 
ing.” One way to increase image quali- 
ty, and reduce the effects of aliasing, 
is to increase pixel resolution. 

Video card developers, monitor 
manufacturers and applications engi- 
neers have been doing this for years 
with good results. The proliferation of 
multi-scanning monitors, high-end 
video cards and software to run them 
are testimony to this. 

Higher pixel resolution makes jag- 
ged edges become smaller and, there- 
fore, aliasing is less apparent. The 
down side of this direction is that high- 
er scanning monitors must be larger so 
that users can read the more detailed 
graphics and text. Accordingly, the 
computer market is witnessing the 
move to 16", 19", 21 "and larger mon- 
itors that used to be the exclusive con- 
cern of professional imaging shops. 
This larger-and-better monitor route 
becomes expensive in short order. 

CEG tackles aliasing by smoothing 
out the edges . Pixels on the edge of an 
image normally change color abrupt- 
ly as they’re scanned by the monitor’s 
internal electron beam. The rapid col- 
or change produces jagged edges. 
CEG makes the color change much 
more gradual. In turn, this makes im- 
ages look less jagged or clearer. CEG 
accomplishes this by using hardware 
and software to calculate the mixture 
for neighboring colors of any given 
pixel. These calculations are done in 
real time and kept handy inside the 
video frame buffer. Instead of a quick 
jump from one color to another, the 
transition is intelligently controlled so 
that closely matched colors are used. 
You’re tricked into seeing greater res- 
olution than is actually there. 

As an example of the significance of 
color resolution, contrast an ordinary 
TV receiver to a high-resolution mon- 
itor. The monitor normally has more 
pixels of resolution than a does a TV 
receiver. Yet, the near-infinite amount 
of colors provided by the broadcast 
signal and displayed on TV can make 
it look better than a high-resolution 
monitor. This is because subtle color 
transitions fool the human eye into 
seeing more than is actually there. 

Ultimate VGA 

One video-card developer, Micro- 


Labs, Inc., is using both the Sierra 
RAM DAC and Edsun CEG RAM 
DAC in its video cards. The video card 
is the Ultimate VGA/Hi-Color. The 
card comes with some interesting 
specs, including a maximum resolu- 
tion of 1,024 x 768 x 256 and a 72- 
Hz vertical refresh rate that helps ban- 
ish monitor flicker. It’s also fast at 
what it does. 

In a test against ATI Technologies* 
VGAWonder+ and National De- 
sign’s Volante AT 1000, the Ultimate 
VGA won out in most categories and 
lagged behind in none. Benchmark 
comparisons and other technical tid- 
bits look good, but the real reason I 
chose the Ultimate VGA for this eval- 
uation is that it offers Hi-Color, low 
cost and bug-free software drivers for 
Microsoft Windows . 

Ultimate VGA can do either Hi- 
Color or CEG, but not both on the 
same card. This presents a potential- 
ly perplexing choice of which one to 
buy for computer users who may be 
interested in purchasing the card: Hi- 
Color version that does 32K-color, or 
CEG version that looks like 740,000 
colors? Some users can’t decide and 
end up buying both versions, swap- 
ping between them according to the 
specific visual results desired. Choos- 
ing between versions may be easier 
when video-card developers get going 
with full 64K Hi-Color. Later in the 
graphics game, some ingenious semi- 
conductor developer may figure out a 
low-cost method for getting Hi-Color 
beyond its present maximum resolu- 
tion of 800 x 600. 

Software 

Regardless of what kind of video 
graphics hardware you’ve selected for 
your super system, you need software 
that takes advantage of it. Here’s a 
brief look at some of the software al- 
ready on the market that gives you en- 
try to different types of the video dis- 
play systems just discussed. 

• Hi-Color Software. Many users dis- 
like Microsoft Windows . Its voracious 
appetite for memory and disk space 
chafes the disposition of power users 
and home hackers alike. Windows 
movement continues unabated, and 
users have to use it obtain the service 
of programs like Micro grafx Design- 
er, Corel Draw, Aldus Page maker and 
a host of other useful applications. 
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AutoDesk has even announced its in- 
tention of a Windows version of its 
AutoCAD program. 

Hi-Color can help whatever your 
disposition regarding Windows that 
brings low-cost true color to average 
users, thus expanding creative and 
business capabilities. Although 16-bit 
image scanners are still somewhat ex- 
pensive, graphics users can read, dis- 
play, manipulate and write in at least 
32,000 colors. Hi-Color is a new in- 
troduction to the computer video in- 
dustry, but there are already some rea- 
sonably priced and well-performing 
applications that take advantage of it. 

• ImagePrep. Computer Presenta- 
tions, Inc. offers an able graphics ap- 
plication that reads, processes and 
writes Hi-Color. ImagePrep is a Win- 
dows program that handles not only 
16-bit Hi-Color images, but 24-bit im- 
ages as well. Besides its own proprie- 
tary graphics format, it operates on 
Targa formats M8, 16, and 24, Intel 
TIF formats 1,8, and 24 bit, Compu- 
Serve GIF, and Windows BMP for- 
mats 1,4,8 and 24 bit. It’s many fea- 
tures include color reduction that re- 
duces the palette of true color images 
for use into applications not written 
for true color. 

Another nice ImagePrep feature is 
color correction that can be used to 
enhance images via brightness, con- 
trast, color values, color balance and 
gamma value. ImagePrep can also 
perform image compression, using 
levels ranging from 1 to 20. Compres- 
sion is a disk space saver, especially if 
you do a lot of image work. Image- 
Prep's screen-capture function can 
save to disk just about any image that 
can be shown on-screen. Once saved, 
the image can be operated on, too. 

Thanks to its simple Windows inter- 
face, ImagePrep is easy to use, as easy 
to install as any Windows application 
and quite versatile with the various 
graphics formats. Documentation is 
clear and surprisingly brief, when 
compared to the program’s impressive 
list of features. If you’re a Windows 
graphics user, ImagePrep and a Hi- 
Color video card can be very useful. 

• WaterColor. Creative users can look 
to some software from AXA Corp. Its 
application is a DOS-based program 
called WaterColor , and it works ex- 
actly as its name indicates. This pro- 
fessional-quality paint program looks 
and operates like a simple sheet of 


white paper and an old-fashioned wa- 
ter-color paint set. Many people, even 
young children, readily understand 
that water dilutes color and that wet 
paper causes color to bleed and run. 
These basic principles of water and 
color, the heart of WaterColor, are 
combined with the advantage of digi- 
tal control, which can add things like 
electronic layering of one color over 
another color. 

The program comes with its own 
electronic brushes, paper, water, col- 
or, mop and mixing palette, complete 
with a mixing table. Paintbrushes 
come in nylon or natural, with assort- 
ed sizes and textures. The mixing table 
lets users blend colors to make custom 
assortments that can be saved for re- 
peat usage. Paper dryness or wetness 
can be instantly changed, eliminating 
your having to wait and allowing cre- 
ative work to continue uninterrupted. 

WaterColor is the first paint pro- 
gram of its kind that I’ve seen made 
for the artist instead of the computer 
user. It’s easy to use, fun to work with 
and requires little computer literacy. 
Although a mouse is supported as a 
pointing device, some kind of stylus, 
like the Mouse Pen or the stylus that 
comes with the SummaSketch digitiz- 
er, has a more natural feel. 


Monitors 

Presently, Hi-Color has a maximum 
pixel resolution of 800 X 600. Many 
VGA monitors can scan this high, but 
others can’t. Users who need Hi-Color 
beyond its main setting of 640 X 480, 
can upgrade to a better monitor. High- 
resolution modes of the video cards 
used in this evaluation were easily sup- 
ported by the 16-inch FlexScan 9080i 
from Nanao . The FlexScan has a max- 
imum resolution of 1,280 X 1,024 and 
a 70-Hz refresh rate that helps reduce 
flicker, which is especially useful when 
running Windows at 1,024 X 768. It 
supports noninterlacing and has an 
impressive 0.28-mm dot pitch when 
some other monitors of its class mea- 
sure 0.31 mm. The smaller pixel size 
makes a noticeable difference when 
working in high-resolution modes. 

One of FlexScan’ s interesting fea- 
tures is also quite useful. The monitor 
has connections for a normal nine-pin 
D-connector and also accepts input 
from BNC. The latter is particularly 
handy when using video interfaces and 


Products and Services 


AXA Corp. 

17752 Mitchell, Ste. C 
Irvine, CA 92714 
Tel.: 714-757-1500 

WaterColor evaluation copy and techni- 
cal assistance (David Evergettis). 

Computer Presentations, Inc. 

1117 Cypress St. 

Cincinnati, OH 45206 
Tel.: 513-281-3222 

Evaluation copy of ImagePrep and tech- 
nical assistance. 

Edsun Laboratories, Inc. 

564 Main St. 

Waltham, MA 
Tel.: 617-937-1260 

Technical information and assistance on 
Continuous Edge Graphics. 

IBM Development Laboratory 

Boca Raton, FL 

PS/2 Technical Update: Extended 
Graphics Array (XGA) presented by 
James Paolantonio and James Wilkin- 
son; technical information on XGA. 


Micro-Labs, Inc. 

7309 Campbell Rd. 

Dallas, TX 75248 
Tel.: 214-702-8654 

Ultimate VGA/Hi-Color evaluation unit 
and technical assistance (Ted Carter). 

QC Plus Computers 

525 W. Arapaho Rd., Ste. 23 
Richardson, TX 75080 
Tel.: 214-644-7536 

Demonstrations and technical assistance 
on Hi-Color (Kevin White). 

Sierra Semiconductor 

2075 N. Capitol Ave. 

San Jose, CA 95132 
Tel.: 408-263-9300 

Technical assistance on Sierra RAM 
DAC. 

Technopolis Communications 

6000 Canterbury Dr. , Ste. D301 , Culver 
City, CA 90230 
Tel.: 213-670-5606 

Nanao FlexScan 9080i evaluation unit 
and technical assistance (Steve Leon). 

Videotex Systems, Inc. 

8499 Greenville Ave., Ste. 205 
Dallas, TX 75231 
Tel.: 2 14-800-88- VIDEO 
Demonstrations and technical assis- 
tance on True Color imaging (Paul 
Montgomery). 
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projection-TV equipment that do a lot 
with BNC cabling. The BNC connec- 
tions allowed me to run a Zenith 1490 
analog VGA monitor and the Flex- 
Scan simultaneously, enabling some 
interesting visual comparisons. 

Another useful feature is the Flex- 
Scan’s microprocessor control over its 
user adjustments. Brightness, con- 
trast, vertical and horizontal screen 
position and pincushion adjustment 
can be set and stored in on-board non- 
volatile memory. Therefore, adjust- 
ments are made only once. The Flex- 
Scan 9080i is pricier than some other 
monitors that scan as high it does, but 
the FlexScan’s features and clarity of 
display tend to make up for the dif- 
ference. 


Conclusion 

Hi-Color is moving along quickly. It 
affords the average user a low-cost op- 
portunity to go beyond Super-VGA. 
Consequently, it could eclipse eight- 
bit video as fully as VGA overtook 
EGA. Because video cards and soft- 
ware drivers do all the work, you can 


use conventional hardware. If you 
want to venture into Hi-Color, look 
for a video-card developer who can of- 
fer easy and cost-effective upgrades. 

Decide if you want CEG, Hi-Color 
or both. Be sure your particular choice 
of video cards comes with at least Win- 
dows drivers to 1,024 x 768 in 256 col- 
ors and other drivers like those for 
AutoCAD, if you need them. If you 
want to buy a high scanning monitor, 
get one from a reputable firm that of- 
fers technical support and a good war- 
ranty. Finally, check to see if your card 
is backed by a solid warranty. Making 
a good choice of video cards will help 
you to go beyond Super-VGA in rela- 
tive safety. | 


Compact & Versatile 

8051/8052 

Microcontroller Board 

For Production Applications 



• Low power CMOS technology 

• Only 3.5 "x 4.5" with mounting holes 

• Supports RS232 or RS485 

• Battery-backed RAM socket 

• Watchdog timer and power-fail interrupt 
circuitry 

• Parallel I/O: AVi 8-bit I/O ports 

• Configurable for all known byte- wide devices 

• 4 ) um per- Selectable Memory Maps 

603-469-3232 • FAX: 603-469-3530 

Call for detailed brochure and quantity pricing 


a 


Binary Technology, Inc. 

Mam S' • HO Bo. 67 • Merden NH 03770 ! 



M CABLE TV S3 
DESCRAMBLERS 

ALL TYPES 800-582-1114 

FREE C A T A L O 0 
M.K. ELECTRONICS • 7958 Pines Blvd 
Suite 276 • Pembroke Pines, FL 33024 



Call For FREE Catalog 


Call (800) 800-3321 or (216) 425-8888 

Project Pro brings a complete line of electronic 
enclosures , hardware , and tools to both the 
professional project engineer and the hobbiest. 

Everything you need to bring ANY project 
from development to finished product . 



Electronic Enclosures Custom Services Fasteners 

* Aluminum * Fabricating *Nickel Plated 

* Steel * Screening *Black Zinc 

* Plastic (ABS) 72 hour ' 

tumaround 

RQQks Chassis Tools 

1710 Enterprise Pky. Twinsburg, Ohio 44087 

— 

CIRCLE NO. 114 ON FREE INFORMATION CARD 


BTK52 BASIC-52 TOOLKIT 

The BTK52 is an intelligent front end for program development on the 
MCS BASIC-52 CPU. It reduces 8052 program development time 
substantially and can be used with any MCS BASIC-52 based target 
system. The BTK52 runs on any IBM-PC/XT or compatible. 

• Program download from PC host to target 

• Program upload from target to PC host 

• BASIC program renumber utility, with "from," "through," "start," 
and "increment" 

• Full screen program editing 

• Single line editing with automatic error line number detection 

• Full on-line help facility 

• Transparent , adaptive line compression for full input line 
buffer utilization 

• All functions accessible wih only one keystroke from the 
terminal emulator 

• $125 


BXC51 8051/8052 BASIC COMPILER 

• Fully compatible with code written for MCS BASIC-52 interpreter 

• Now with integer, byte and bit extensions for code that runs more 
than 50 times faster than the MSC BASIC-52 interpreter 

• Full floating point support 

• In-line assembly language option 

• Compile time switch to select 8051/803 1 or 8052/8032 CPUs 

• Includes Binary Technology's SXA-51 cross-assembler and Hex file 
manipulation utility 

• Compatible with any RAM or ROM memory mapping 

• Runs on IBM-PC/XT or compatible 

•$295 


603-469-3232 • FAX 603-469-3530 

r* Binary Technology, Inc. 

L. W\ Main Street ■ P.O. Box 67 • Meriden. NH 03770 


Say You Saw It In ComputerCraft 


February 1992 / COMPUTERCRAFT / 31 





Applications By Hardin Brothers 


How to Transfer Files 

Maximizing data transfers between two computers 
using serial and parallel ports 


E ver since the second computer 
was created, the computing 
world has had to struggle with a diffi- 
cult problem: how to transfer data 
from one machine to another. One of 
the easiest solutions, and perhaps the 
earliest, is to print data on one com- 
puter and type it in on the other. Other 
early solutions involved saving data on 
paper tape, punch cards, magnetic 
tape or even floppy disk and then car- 
rying the stored data to another 
computer. 

But in the information age, all of 
these solutions seem inefficient and 
unsatisfactory. Computers are sup- 
posed to perform such simple activi- 
ties themselves, not force us to be por- 
ters for their data. And if you use a 
floppy disk to move data from one 
machine to another, what do you do 
with files that are larger than the disk’s 
capacity? And what if the machines 
use different disk sizes or formats? 

Many users consider two computers 
a necessity, not a luxury. They do most 
of their work on a desktop machine, 
with a large hard disk and other acces- 
sories, but travel with a laptop or note- 
book computer. The latter probably 
has a smaller hard disk stuffed with a 
couple of necessary applications like 
a spreadsheet, word processor and 
perhaps database. If the second com- 
puter has a floppy drive at all (some 
have only a built-in hard disk), it will 
almost always be a 3 / 2 many desktop 
machines have only 5 //' floppy drives. 
You may be one of the many people 
who has a need to move large files 
back and forth regularly, keeping your 
most important data up to date on 
both machines. 

With a little ingenuity, you can au- 
tomate the process. How you do so 
will depend on how much data you 
must transfer, the equipment available 


on each computer and how much mon- 
ey you’re willing to spend for a solu- 
tion, But you need some understand- 
ing of the technical issues before choos- 
ing a solution that meets your needs. 

Talking to the World 

No matter how much computing a 
machine does, it needs some way of in- 
teracting with the outside world for it 
to be useful. Generally, computers use 
ports for external communication. 
Some ports are for very narrow, spe- 
cific purposes or are meant to move 
data in only one direction. For exam- 
ple, a CGA video port sends signals to 
a video monitor, but it doesn’t receive 
any data from the monitor at all. This 
is an example of a one-way or send- 
only port. A keyboard port, at least on 
a PC, is a special-purpose, two-way 
port. The computer receives keystroke 
signals from the keyboard and sends 
commands that turn on or off the key- 
board lights and enable or disable 
keystrokes. 

Neither the video port nor the key- 
board port is of much use for sharing 
data between computers, nor are the 
two-way ports used for disk drives, 
scanners, mice and CD-ROMs. The 
really useful ports for sharing data are 
general-purpose, two-way communi- 
cation channels. Most computers, in- 
cluding laptops, have at least two of 
these: a parallel port and an RS-232C 
serial port. 

Data inside a computer moves over 
a data bus much like a marching band 
in a parade. The width of your com- 
puter’s data bus, like the width of the 
parade route, determines how many 
bits or marchers can be in each row. 
Desktop computers normally have in- 
ternal bus widths of 8, 16 or 32 bits. 
The distance between rows of march- 
ers is controlled by the system clock; 


marcher speed is controlled by physi- 
cal laws. Bandwidth or total capacity 
of the computer’s data bus is based on 
its width and the distance between the 
marchers. 

When data moves outside the com- 
puter over the parallel port, it does so 
one byte or eight bits at a time; each 
row can hold only eight marchers. If 
the internal data bus is wider than 
eight bits, data must be broken into 
eight-bit blocks to be sent over the seri- 
al port. Normally, the CPU performs 
the necessary actions to retrieve data 
and prepare it for the parallel port. 
The parallel port is like a narrow street 
wide enough for only eight marchers 
at one time. 

The computer’s BIOS code assumes 
a printer is connected to the other end 
of the parallel port. It does a good job 
of sending data to the printer and re- 
acting to status codes the printer sends 
back. Most software simply sends 
printer data to the BIOS code (or to 
DOS), ignores the intricacies of the 
parallel port completely and depends 
on the BIOS to properly format the 
data, handle status messages and see 
that the proper data arrives at the 
printer. 

A parallel cable has more than the 
eight conductors required to send 
eight data bits. It also contains a strobe 
line that’s used to indicate when data 
on the line is valid, eight status lines 
so that a printer can respond to the 
computer while receiving data and a 
number of ground lines. Early PCs 
used a 36-pin connector for the paral- 
lel port; now most modern computers 
use a 25-pin connector. Table 1 lists 
the pin designations for the 25-pin 
connector. It’s important to note that 
the data pins are bi-directional but that 
data can be sent in only one direction 
at any particular time. 
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lable 1. Parallel-Port Assignments # 

Pin 

Direction 

Signal 

Number 

From Computer 

Name 

1 

In/Out 

STROBE 

2 

In/Out 

Data Bit 0 

3 

In/Out 

Data Bit 1 

4 

In/Out 

Data Bit 2 

5 

In/Out 

Data Bit 3 

6 

In/Out 

Data Bit 4 

7 

In/Out 

Data Bit 5 

8 

In/Out 

Data Bit 6 

9 

In/Out 

Data Bit 7 

10 

In 

Acknowledge (ACK) 

11 

In 

BUSY 

12 

In 

Paper End (PE) 

13 

In 

Select (SLCT) 

14 

Out 

Automatic Feed (XT) 

15 

In 

ERROR 

16 

Out 

Printer Initialization (INIT) 

1 7 

Out 

Select Input (SLCT IN) 

18 thru 25 

N.A. 

Ground 

•“Adapted From The Programmer's PC Source Book by Thom Hogan. 


The serial port is more analogous to 
a narrow sidewalk. One row of eight 
marchers or bits moves into the serial 
port at once, but only one bit at a time 
is sent out over the port. The CPU 
sends data over the serial port by 
breaking data into eight-bit blocks and 
sending each to the serial port. There, 
a specialized processor called a UART 
(universal asynchronous receiver and 
transmitter) does the work of break- 
ing the byte into eight separate bits or 
marchers. The UART sends bits indi- 
vidually over the serial cable to what- 
ever device is at the other end. 

Serial communication is asynchro- 
nous, which means that data can be 
sent or received at any time. In a syn- 
chronous communications system, 
which is rarely used on desktop com- 
puters, a shared clock pulse deter- 
mines when data can be sent. The ad- 
vantage of an asynchronous system is 
that it requires a much smaller hard- 
ware investment and is more flexible. 
But the tradeoff is that either the com- 
puter or the receiving device can be- 
come confused about the location of 
the current bit in the original byte. 

To overcome this confusion, the 
UART bundles each byte into a packet 
and adds signals to mark the beginning 
and end of the packet. Every packet 
(or “word,” in communications ter- 
minology) begins with a start bit. The 
packet then contains five to eight data 


bits, an optional parity bit and zero to 
two stop bits. The UARTs on each end 
of the serial cable must be set to agree 
on the formation of the data packet 
and data transmission speed, which is 
the time between individual bits. Be- 
cause BIOS support for serial commu- 
nication is atrociously weak, virtual- 
ly all DOS programs that use the serial 
port manipulate the port directly or 
use the services provided in a high-lev- 
el language like BASIC. 

You might expect that a serial cable 
and connector would be much simpler 
than a parallel cable because only one 
bit of data is sent at a time. However, 


a serial cable must contain two data 
lines because bits can be sent in both 
directions simultaneously and a signal 
ground or reference point. Most serial 
cables also have lines for a number of 
handshaking signals that the UARTs 
at each end use to report their status 
to each other. Table 2 lists the normal 
pin assignments for both 9- and 25-pin 
connectors. Only eight or nine of the 
lines are typically used. 

Using the Serial Port 

The device most often at the other end 
of the serial cable is a modem (or 
MOdulator/DEModulator), the pri- 
mary job of which is to convert the 
stream of serial bits it receives from the 
UART into tones that can be transmit- 
ted over a phone line. Of course, it also 
turns the tones that it receives over the 
telephone into a stream of bits it sends 
back to the UART. In addition, the 
modem is responsible for keeping the 
UART, and your communications 
software, informed about its status. 
Some modems also perform error de- 
tection and correction internally when 
connected to a modem with similar 
capabilities. 

The most obvious way to transfer 
data from one computer to another 
through serial ports is to use a pair of 
modems and a telephone line. One 
computer sends data out its serial port 
to a modem. The modem connects to 
another modem through a phone line. 
The second modem sends data to its 
serial port to complete the transfer. 
When data is sent this way, a commu- 
nications program is needed at each 


Table 2. Serial-Port Pin Assignments * 

Signal 

DB-25 

DB 9 

Description 

Pin No. 

Pin No. 

Equipment Ground (GND— Optional) 

1 

Not Used 

Transmit Data (TD) 

2 

3 

Receive Data (RD) 

3 

2 

Request To Send (RTS) 

4 

7 

Clear To Send (CTS) 

5 

8 

Data Set Ready (DSR) 

6 

6 

Signal Ground (GND) 

7 

5 

Carrier Detect (CD) 

8 

1 

Date Terminal Ready (DTR) 

20 

4 

Ring Indicator (RI) 

22 

9 

•Adapted from The Modem Reference by Michael A. Banks. 
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USE YOUR FREE INFORMATION CARD 



Readers can obtain free information on 
products advertised, as well as for 
some editorially mentioned products 
Simply circle the appropriate number 
printed below an advertisement onto 
the CC "Free Information Service' 
card bound into this issue After filling in 
your name and address, just mail the 
postpaid card. Your request will be for- 
warded directly to the advertiser with a 
mailing label prepared by our reader- 
service department. 


48 HOUR 
SHIPPING 


ELENCO & HITACHI PRODUCTS 


AT DISCOUNT PRICES 


1-800-292-7711 


Hitachi RSO Series 

(Portable Real-time Digital Storage Oscilloscopes) 


VC-6023 - 20MHz, 20MS/S _ 
VC-6024 - 50MHz. 20MS/S _ 
VC-6025 - 50MHz, 20MS/s _ 
VC-6045 - 100MHz, 40MS/S _ 
VC-6145 - 100MHz, 100MS/S_ 


$1,695 
_ $1,995 
. $2,195 
$2,995 
$4,495 


RSO‘s tnom Hitachi feature roil mode, averaging, save 
memory, smoothing, interpolation, pretnggenng, cursor 
measurements. These scopes enable more accurate, 
simplier observation o! complex waveforms. In addition to 
such functions as hardcopy via a plotter interface and 
waveform transfer via the RS-232C interface Enjoy the 
comfort ot analog and the power fo digital 

25MHz Elenco Oscilloscope 


SPECIAL BUY 

V-212 - 20MHz Scope $425 

Hitachi Portable Scopes 

DC to 50MHz, 2-Channei, DC func- 

tion, Alternate magnifier function 

V-525 - CRT Readout, Cursor Meas. $995 

V-523 - Delayed Sweep $975 

V-522 - Basic Model $875 

V-422 - 40MHz $775 

$695 


HITACHI COMPACT SERIES SCOPES 

This senes provides many new functions such as CRT 

Rea^ut. Cursor measurements (V-1085/1065A/665A). Fre- 
quency Ctr. (V-t085), Sweeptime Autoranging. Delayed 
sweep and Tnpper Lock using a 6-mch CRT. You donl feel 
the compactness in terms ot performance and operation 


V-660 - 60MHz. Dual Trace 


$1,149 

$1,345 

$1,395 


V-223 - 20MHz delayed sweep 
V-222 - 20MHz deluxe 


. $625 


$349 


PRICE BREAKTHRU 


S-1325 

... • Dual T race 

M . j -- • 1 mV Sensitivity 

i - * ** * 6 ’ CRT 

\ f . • X-Y Operation 

• TV Sync 

• (2) lx. lOx Probes included 

All scopes include probes, srTiemates. operators manual and 3 year (2 yrs for Elenco soopes) world wide warranty 
scopes. Call or write for complete specifications on these and many other fine oscilloscopes 


20MHz Digital Storage Oscilloscope 

. Anaiog/Dfgital Scope 

• 2K word per channel memory DS203 

• 10 MS/s sampling rate $795 

• State-ol-art technology 

• Indudes probes 


V-665A - 60MHz, DT. w/cursor . 

V-1060 - 100MHz, Dual Trace 

V-1065A - 100MHz, DT, w/cursor $1,649 

V-1 085 - 100MHz, QT. w/cursor . $1,995 

V-1100A - 100MHz, Quad Trace $2.1 95 

V-lt 50 - 1 50MHz, Quad Trace $2,695 

Elenco 40MHz Dual Trace 

Good t° 5495 

50MHz S-1340 

• High luminance 6" CRT 

• ImV Sensitivity 
• 10KV Acceleration Voltage 

• 17ns Rise Time 
• X-Y Operation 

► includes (2) lx, lOx Probes 



parts A labor, Many accessories available for all Hitachi 

) x, )0x Scope Probes P- 1 65MHz $19.95, P-2 100MHz $26.95 


B + K 

TEST EQUIPMENT 

All Models Available 
Call tor special price 


Digital Capacitance Meter 




$58.95 

9 Ranges 
1p1-20.000vM 
.5% basic accy. 
o control wl Case 
8ig f Display 


Digital LCR Meter 
LC-1801 

P® $125 

-■* *- Measures: 

Coils tuH-200H 
Caps ,1pf-200uf 
m ft Res 01-20M 


Multimeter with 
[ QQQ- 1 Capacitance A 
Transistor Tester 

$55 CM-1500B 

Reads Volts, Ohms 
Current, Capacitors, 
transistors and 


FLUKE 

MULTIMETERS 

All Models AvallODIe 

Fluke 70-11 $65 

Fluke 77-11 $145 

Fluke 79-H $169 

Fluke 87 $289 

Can for special price 


Soldering Station 
Temperature Controlled 
■ SL-30 $99 

Digital Display 
Temp Range 
300F-900F 
Grounded Tip 
Overheat Proiect 


Q> 




Video Head Tester 
HT-200 

$55.95 

Tails you il 




VHS head 
is detective 
or worn 
A must tor 
VCR work 


Four-Function Frequency Counters 
F-100 120MH 

$179 

F-1000 12GH 

$259 

Frequency, Penod, Totalize, 

Self Check with High Stabilized Crystal Oven 
Oscillator. 8 digit LED display 


10MHz Oscilloscope 
-5 5-3000 

$275 


. Triggered Sweep 
clSrawd Voltage input 
Single Channel 
ideal lor audio work 


CELLULAR 

TELEPHONE 

ACCESSORIES 


Available tor most phones 
Call or write tor details 


Quad Power Supply XP-580 

£59.95 



Fully regulated and short circuit proiecled 


Triple Power Supply XP-620 
Assembled $69 
Kit $45 

| A T | ■ 2 to 15V § 1 A, 

* W -2 to T5V@ 1A 

(or 4 to 30V @ 1 Ay 
and SV @ 3A 

All the desired features lor doing experiments 
Features short circuit protection, all supplies 


AM/FM Transistor 
Radio Kit 
with Training Course 

Model AM/FM 108 

$ 26.95 

14 Transistors ♦ S Diodes 
Makes a great school project 


M 


True RMS 4 1/2 
Digit Multimeter 
M-7000 

$135 

.05% DC Accuracy 
.1% Resistance 
with Freq Counter 
and Deluxe Case 


GF-8016 Function Generator 

with Freq. Counter 

$249 

Sine, Square, Tnangle 
Pulse. Ramp. 2 to 2MHz 
Freq Counter .1 ■ 10MHz 
Int/Ext operation 

GF-8015 without Freq. Meter $179 


Function Generator 
Bk>x 
#9600 

$28.95 

Provides sine, triangle, square 
wave from 1 Hz to 1MHz 
AM or FM capability 


Learn to Build and Program 
Computers with this Kit 

Indudes: All Parts, Assembly and Lesson Manual 

Model 



Wide Band Signal 
Generators 


• - 


Starting from scratch you build a complete system Our 
FAcro Master tracer teaches you Id writs into RAMs. 
ROMs and run a 8065 microprocessor, which uses 
similar machne language as IBM PC. 


SG-9000 $129 
RF Freq 100K-A50MHZ AM Modula 
iron of IKHz Variable RF output 

SG-9500 w / Digital Display & 
150 MHz built-in Counter $249 


XK-500 Digital / Analog Trainer 

A complete mlnl-lib tor building, tilting, prototyping analog and digital circuit! 

Elenco's Digital / Analog Trainer is specially designed lor school projects, with 5 built in power 
supplies Includes a function generator with continously variable, sine, triangular, square wave 
forms All power supplies are regulated and protected against shorts 
Power Supplies 

• Variable Rowe' Supply 
. +1.25 10 20VDC@ 5 Amp 

(.1 25 to 1 5VDC 1 Amp) 

• -1 25 to -20VDC & 5 Amp 
(-1 2510 15VDC®> 1 Amp) 

• +12VDC <g> 1 Amp 

• 12VDC & f Amp 

• +5VDC & l Amp 

• 30VAC Center lapped <g> 15VAC 

t Amp 

Anslog - Section 

• Function Generator Sine. Triangular, 

Square wave forms 

• Frequency adjustable in five ranges 
from t to lOOKHi 

• Fine freauency adjust 

• Amplitude adjust 

• DC offset 

• Modulation FM AM 
Digital • Section 

• Eight data swiches 

• Two no bounce logic switches 

• Eight LEO readouts TTL buttered 

• Clock frequency 1 lo IOOKKi 

• Clock amplitude SVPP square wave 
Breadboards 

• 2 breadboards, each contain: 

840 tie points (total 1 .680) 



WE WILL NOT BE UNDERSOLDI 
UPS Shipping: 48 States 5% 

($3 Min $10 Max) Shipping 

IL Res., 7.5% Tax FAX, 708-520-0085 


C & S SALES INC. w™ 

1245 KiiMfwiNKl. I k'crfidd. II.MMII5 - = 

(XOOf 2‘>2-77l I i70St 54 1-07 Id 


15 Day Money Back Guarantee 
2 Year Warranty p ^ 

WRITE FOR FREE CATALOG 


CIRCLE NO. 104 ON FREE INFORMATION CARD 


end to coordinate the modems and 
conduct the file transfer. The pro- 
grams don’t have to be the same, but 
both must support the same file-trans- 
fer protocol, which is simply a tech- 
nique for making sure that data arrives 
at the second computer without being 
destroyed by spurious noise on the 
phone line. 

If you have two computers equipped 
with modems, you can simplify the 
process. Instead of using a telephone 
company line for the transfer, just 
plug a normal phone extension cord 
into both modems. Make sure that 
both modems and communications 
programs have the same UART set- 
tings (number of data bits, stop bits, 
parity bit type and transmission speed). 
Put one modem into receive mode, 
give both modems the command to go 
off-hook or online and they’ll com- 
municate with each other as if they had 
a phone company between them. 

I used this technique often when I 
had to connect an old Tandy 1 00 por- 
table computer to one of my desktop 
machines. Some modems recognize 
the open phone line immediately, but 
you might have to make others “dial” 
before they’ll notice that they’re con- 
nected directly to another modem. 

Eliminate the Modem 

Most modems are limited to 2,400 bits 
per second (bps), although some new- 
er ones run at 9,600 bps quite well. 
You can increase transmission speed 
between two computers in the same 
room if you dispense with the modems 
altogether and connect the computers 
with a null-modem cable to make each 
computer think the other machine is 
an external modem. You still need a 
communications program on each 
machine, but you can take advantage 
of the top speed the programs are 
capable of using. Most programs can 
run at 9,600 bps or even 19,200 bps, 
which is a large jump over the 2,400 
bps of the most common modems. 

You can buy or make a null-modem 
cable. Depending on your communi- 
cations software, you need either a 
three- or eight-connector cable. Figure 
1 shows three different null-modem 
wiring schemes for 25- to 25-pin con- 
nections. Programs that don’t use any 
handshaking signals can use the first 
diagram, but most programs need 
either the second or third scheme. 
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Minimal null-modem wiring. 



Typical Null-Modem Wiring 
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Jumpered Null-Modem Wiring 


Fig. 1 . Null-modem wiring details for 25-pin to 25-pin connectors. 


No matter which scheme you choose, 
make sure that signal ground pin 7 (pin 
5 on a nine-connector serial port), is 
connected between the two machines. 
If it is, you can experiment with the 
other lines without damaging either 
computer. If it isn’t, you might de- 
stroy one or both serial ports. Most 
commercial null-modem cables follow 
the second scheme shown in Fig. 1. 

Many newer PCs, including most 
laptop and notebook computers, use 
nine-pin serial connectors instead of 
the older 25-pin connectors. Figure 2 
shows null-modem wiring details for 
connecting together two nine-pin 
computers. The two most common 
wiring schemes are shown in Fig. 3 for 
a nine-pin to 25-pin null modem. 

You can also use null-modem con- 
nections if you want to transfer data 
between two different kinds of com- 
puters. You need a technical manual 
to determine the pin arrangement of 
both machines, but the idea is the same 
as the diagrams presented here. 

Most communications software will 
work with a direct connection through 
a null-modem. Some programs are 
smart enough to recognize the connec- 


tion as soon as they begin, while others 
require a simple command to get the 
two computers communicating with 
each other. The manual for ycur com- 
munications program should explain 
how to make direct connection 
through a null-modem cable and any 
special commands you need to use. 

Picking Up Speed 

You can set parameters for a serial 
port with the DOS MODE command or 
with communications software, or by 
making calls to the computer’s BIOS. 
The MODE command, BIOS and most 
software support speeds up to 9,600 
bps. But the serial port on a PC can 
run a good deal faster than this. 

UART speed is set with an internal 
crystal and divisor circuit. The crystal 
is set at 1 .8432 MHz, which the UART 
automatically divides by 16 to obtain 
a base speed of 1 15,200 Hz. This speed 
is further reduced by the divisor cir- 
cuit, which accepts any integer divisor 
other than 0. If you set the divisor to 
384, for example, the UART will run 
at 115,200/384 = 300 bps. If the divi- 
sor is set to 12, the UART runs at 


r F R E E 

HEATH 

CATALOG 



New and innovative 
electronics that make your 
life easier, safer and more 
secure, including: 

B The world's largest and most 
varied selection of home lighting 
controls. 

B Home security, safety and whole- 
house automation systems. 

B The Heath Most Accurate Clock, 
accurate to +/-10 milliseconds. 

B Heath's own Advanced Weather 
Computer for precision weather 
display and analysis. 

And, the best electronics 
home study programs you'll 
find anywhere (the best 
value, too) including: 

>/ New Computer-Aided Instruction 
(CAI) courses in basic electronics 
for accelerated, interactive learning. 
>/ Video courses you can watch 
from the comfort of your easy chair. 
>/ Courses that let you start at the 
level that's right for you and continue 
at your own pace. 

>/ Courses from Heathkit 
Educational Systems, accredited 
and licensed as a premier electron- 
ics educator. 

y/ Continuing Education Units 
(CEUs) awarded on successful 
completion of most Heath courses. 


To receive your FREE Heath 
Catalog, fill in your name and 
address below and mail TODAY! 

To: Heath Company 

Dept. 079-140 
Benton Harbor, Ml 49022 

Name 

Address 

City 

State/Zip 

CL-808 
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Fig. 2. Null-modem wiring details for 9-pin to 9-pin connectors. 


115,200/12 = 9,600 bps. 

There’s no magic limit to UART 
speed or the divisor. If software sets 
the divisor to its lowest legal value of 
1, the UART runs at a full 115,200 
bps. That’s the secret of fast commer- 
cial file-transfer programs like the 
popular LapLink from Traveling 
Software. There are at least a half doz- 
en such programs available, and most 
of them can run the serial port at 
115,200 bps, or more than 11,000 
bytes per second, or even faster. 

At these speeds, of course, you need 
specialized software. A normal com- 
munications program running in in- 
teractive mode must be able to receive 
text through the modem, send text that 
you type and look for command keys 
to change its mode of operation, all at 
the same time. That’s fine for 2,400 or 
even 9,600 bps operation, but it be- 
comes impossible at 1 15,200 bps. At 
high speeds, file transfer programs 
don’t have much time during actual 
data transmission to do more than 
look for an abort key while they’re 
sending or receiving data and manipu- 
lating disk drives. The inner loops of 
such programs are normally written in 


highly optimized assembly language 
so that transfer speeds can be main- 
tained even on older slower computers. 

Most communications programs 
assume a user is at each end of the 
transmission line. If you want to send 
a file with such programs, you nor- 
mally have to type different com- 
mands at each computer. Specialized 
file-transfer programs usually let you 
select files and control transfers from 
one computer, even if files are stored 
on the other machine. Once the pro- 
gram is running on both machines, 
you type commands at only one key- 
board to move files. Such programs 
often have a user interface that allows 
you change directories, select files and 
perform other DOS-like operations on 
either the computer you’re using or the 
one to which it’s attached. 

After you’ve used a program that 
runs the serial port at 1 1 5,200 bps, you 
might begin to wonder if it’s possible 
to obtain even more speed. The 
115,200-bps rate is possible with a 
three-conductor null modem. With a 
specialized cable, some programs 
reach greater speeds by using some of 
the control lines to transmit additional 


data while the UARTs are busy run- 
ning at top speed. These programs can 
gain a little extra speed, but there’s a 
limit because the CPU has to prepare 
the data for the control lines, send it 
a few bits at a time and, on the other 
end, reconstruct the original bytes and 
put them into the correct locations in 
their files. At the same time, the CPU 
must feed bytes to the UART (or read 
them from the UART) fast enough to 
keep the main transmission running at 
high speed. 

Another Speed Bump 

There’s another way file-transmission 
programs can attain higher speed: 
leave the UART and serial port behind 
and send data through the parallel 
port. Since the parallel port can send 
eight bits of data simultaneously, 
bytes don’t have to be broken down 
before transmission nor reassembled 
on the receiving end. The control pro- 
grams for this can be simpler and data 
transmission faster. 

But the parallel port does have other 
drawbacks that keep it from transmit- 
ting data at extremely high speeds. The 
most important is that parallel ports 
aren’t generally designed for high- 
speed data transfers. Few printers can 
handle 1 ,000 bytes per second, much 
less the 30,000 bytes or more at which 
transfer programs would like to trans- 
mit. Also, transfer speed is ultimate- 
ly limited by disk read and write 
speeds, as well as by the physical 
capacities of the parallel port. 

The result is a compromise between 
theoretically unlimited transmission 
speed and physically restricted speed. 
Part of the problem is that the highest 
maximum speed is unknown and va- 
ries from one computer to another 
(even to another of the same model). 
Therefore, most programs that use 
parallel-port transfers run at about 
200,000 bps (or about 25,000 bytes 
per second). 

Such transfers are still very fast — 
significantly faster than serial data 
transfers and so much faster than mo- 
dem-to-modem transfers that they’re 
really in a different league. At such 
speeds, you could transfer a full 20M 
of data from one computer to another 
in less than 1 5 minutes, which is bare- 
ly enough time to enjoy a cup of cof- 
fee. And most transfer programs let 
you specify a group of files or direc- 
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Minimal null-modem wiring. 


DB-9 DB-25 



Typical Null-Modem Wiring 


Fig. 3. Null-modem wiring details for 
9-pin to 25-pin connectors. 


tories you want to transfer; so you 
could have one computer send 1,000 
files to another computer while you 
have a cup of coffee. 

Transfer programs can also help 
you move data between incompatible 
computers or operating systems. 
Some can move data from a Macin- 
tosh, workstation or mainframe com- 
puter to a PC. Others can run under 
Windows or OS/2 on one machine 
and send data to a DOS-based PC. Al- 
most all perform checks to make sure 
that data arrives without errors. And 
they avoid the danger of boot-sector 
viruses that can strike your system if 
you move data on a floppy disk. 

As soon as you have two computers, 
you’ll find a reason to move data from 
one to the other. Which solution you 
choose — diskettes, modem or null- 
modem transfers or specialized pro- 
grams — depends on how often and 
how fast you want to move that data. 
Once you develop a system, you’ll find 
that data transfers will become an es- 
sential part of your computing habits, 
and that you’ll get better use from 
both machines. ■ 


PC-BASED 

DEVELOPMENT 

TOOLS 

If you’re interested in microprocessor-related projects, 
our tools can help. Our PIC microcontroller tools allow 
you to learn about and use single-chip computers. 
And our EPROM emulators are time-savers in 
almost any project that uses EPROMs. 


MICROCONTROLLER PROGRAMMER 



The PIC Ck) t 6C5x family of microcontrollers are inexpensive, 
8-bit, single-chip computers. They combine a CPU, EPROM, 
RAM, and I/O for as little as $3.00 each. Our tools allow 
you to program these parts with your own software. A single 
PIC can replace many ICs, in addition to adding real 
intelligence and flexibility to your designs. 

Includes assembler, programmer, and cables. 

PIC is a registered trademark of Microchip Technology, Inc. 


$199 


27256 EPROM EMULATOR 
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If your projects use EPROMs, you can probably use an 
EPROM emulator. An EPROM emulator plugs in place of an 
actual EPROM, but instead of programming parts to test 
your code, you simply download to the 
emulator. ^ 

$199 


Emulates 2764, 27128, and 27256 EPROMs. 


BRMI 4 XX n 

(916) 721-8217 • FAX: (916) 726-1905 

Parallax, Inc. • 6200 Desimone Lane, #69A • Citrus Heights, CA 95621 

Prices subject to change without notice. 

California residents add appropriate sales tax. 

Add $4.00 for UPS ground $7.00 for 2nd day, $15.00 for next day. 
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Application BylomFox 


Experiment With 
Motorola’s 68HC1 1 True 
Single-Chip Computer 

Part 2 

Examining the SBC circuit and diagnostic/tutorial software 



L ast month, we looked at Moto- 
rola’s versatile 68HC11 micro- 
controller chip and used it in a simple 
circuit to introduce you to how this 
versatile chip works. This time around, 
we examine the circuit and diagnostic/ 
tutorial software for a MAG- 1 1 single- 
board computer that you can use as an 
elementary learning tool for the 
68HC1 1 and then readily expand for 
use in practical applications. 

About the MAG-1 1 

Our MAG- 11 SBC uses Motorola’s 
MC68HC1 1 A1P MCU in a plastic 
DIP. Because it has just 48 pins, only 
four channels of its eight-channel A/D 
converter are available for use. (The 
52-pin PLCC surface-mount package 
makes all eight channels available.) 
We chose the DIP package because it’s 
easier to handle and test and, unlike 
its surface-mount counterpart, it’s 
possible to insert into a standard sol- 
derless prototyping board. Also, the 
technology needed to make a reliable 
printed-circuit board that can handle 
a 52-pin PLCC with 0.05 " pin spacing 
isn’t commonly available to home 
electronics enthusiasts. 

In Fig . 1 , MAX232 RS-232C driver 
U3 , 6264LP 8K RAM U9 and 27C256 
32K EPROM or KM62256ALP-10 
32K RAM U10 are optional. If you 
omit U9 and U10, memory consists of 
256 bytes of static RAM, with backup 
capability located at 0 through $FF ($ 
signifies hexadecimal); 512 bytes of 
EEPROM located at $B600 through 
$B7FF; and either 2K bytes of EPROM 
if MAG-1 1 diagnostic/tutorial firm- 
ware is chosen (at $F800 through 
$FFFF) or 32K bytes of EPROM (at 
$8000 through $FFFF) if the 


BASIC- 1 1 interpreter or BUFFALO 
monitor is used. MAG-1 1 A firmware 
is contained in U7 . 

An optional 8K of static RAM, pro- 
vided by U7, is located at $0100 
through $1FFF, except that $1000 
through $103F are used by the inter- 
nal registers. Full backup capability is 
provide for U9, assuming a Battery/ 
Logic Probe board (to be covered at 
a later date) is added to MAG-11. 
Without this board, only limited 
“super-capacitor” backup is provid- 
ed on MAG- 1 1 via Cl 7. Either 28K of 
RAM at $0100 through $6FFF or 20K 
of EPROM at $2000 through $6FFF 
is provided by U10. 

Clock rate can be 921 kHz or 1 
MHz, depending on the frequency of 
the crystal used. An optional RS-232C 
interface is provided on the board with 
DB-9 connector J7. You conduct tests 


and experiments using DIP switches 
SI and S2 and observe results on light- 
emitting diodes LED1 through LED8. 

Switch positions 1 through 8 of SI 
and positions 1 through 4 of S2 serve 
as inputs to the MCU. Position num- 
bers for these two DIP switches are the 
same as the pin numbers on their pack- 
ages. Position 9 of SI controls power 
to all LEDs . If you want lowest possi- 
ble power consumption, set position 
9 of SI to off to put MAG- 11 in a 
low-power “invisible” Mode. 

Power indication is provided by 
LED9 , and LED10 lights when the 
MCU is operating properly, since it’s 
controlled by the MCU directly (no ex- 
ternal decoding used). Indication that 
either the reset circuit isn’t operative 
or, assuming the clock monitor func- 
tion is enabled, the clock has failed is 
provided by LED 11. 
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A Shocking Offer! 


Now for the first time in CIE’s 56 year history 
you do not have to be enrolled at CIE to receive 
our Electronics and Electricity Lesson Modules. 
Available for a limited time to non-students 
for the shockingly low introductory price of 
only $99.50. 

With CIE’s patented AUTO- 
PROGRAMMED method of learning 
you’ll quickly learn and then master 
the basics of electronics and electricity 
and then move on to ... soldering 
techniques, applications of Kirchhoffs 
law, voltage and power, printed circuit 
boards ... and much, much, more. 

Your commitment to CIE ends with 
your payment, but CIE’s commitment 
to your success just begins when you 
receive your lessons, exams, binder 
and equipment. This special price 
includes the benefits CIE normally 
extends to its students and graduates I 


You’l receive CIE Bookstore privileges, a pat- 
ented learning method, access to CIE’s student 
faculty and alumni electronic bulletin board and 
a free issue of CIE’s school newspaper “The 
Electron”. 24-Hour grading and unlimited 
access to CIE’s faculty is available on 
an optional basis. 

And best of all, when you 
decide to continue your electro- 
nics education in any of CIE’s 
programs, you’ll receive a 
$100.00 CIE tuition credit 
certificate. 

All this knowledge and sup- 
port will put you on the road to 
understanding digital electronics, 
microprocessing principles, 
computer systems, telecommuni- 
cations, and much, much, more. 
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Free Issue of “ The Electron ’ 

Build your personal burglar alarm 
Theory and hands-on training 
lessons and exams covering 
“current and voltage ” through 
“printed circuit boards ” 

CIE Bookstore privileges 
Patent learning method 
Electronic Bulletin Board privileges 


All This For Only! 

$OAso 


■ A $100.00 CIE TUITION 
CREDIT CERTIFICATE 


Yes, send me CIE's Introductory 
Electronic and Electricity Lessons 
and Equipment. A2202 

Name. 


Total Merchandise: $99 ,50 

Ohio Residents add 7% Sales Tax: 

California Residents add 6 1/2% Sales Tax 

Total this order: 

Shipping and Handling Charges: $5.00 


Street: Apt. #: 

City: 


State: 


Zip: 


Age: Phone ( ). 



BOOKSTORE 

1776 East 17th Street 
Cleveland Ohio 441 14 


Method of Payment: Amount Enclosed 
fl Personal Check or Money Order 
□ Master Card D Visa 


Card Expiration Date: 

Signature _ _ _ 

3£ CHARGE BY PHONE! Q] CSt 

9 AM to 4:30 PM Eastern Time: 
1-800-321-2155 ext. 2202; In Ohio 1-800-523-9109 ext. 2202 


Temporary RAM backup is provid- 
ed by on-board 0. 1 -F super-capacitor 
Cl 7. Power requirements for MAG- 
1 1 are 7 to 1 3 volts dc, at about 60 mA. 
The SBC will operate continuously for 
nearly 2 hours on a fully charged 
7 . 2-volt Ni-Cd battery and somewhat 
longer with a 9-volt alkaline battery. 

All pertinent MCU data, address, 
control and I/O lines are accessible 
through 20-pin sockets (or headers) J3 


through J6 , as illustrated in Fig. 2. 
MAG-1 1 can be expanded by plugging 
an accessory board directly into the 
component side of it. Alternatively, 
20-conductor cables can connect the 
SBC to accessory boards. 

A Battery Backup/Eight-Channel 
Logic Probe board plugs into J1 and 
J2. On it are separate 9-volt alkaline 
{Bl) and 7.2-volt Ni-Cd ( B2 ) batteries. 
An Ni-Cd battery used for B2 provides 


battery backup for nearly 2 hours if ac 
line power fails, while Bl provides 
complete memory backup for an ex- 
tended time and supplements Cl 7. 
Automatic switchover for Bl is pro- 
vided by U2 . Jumpers must be set for 
the type of battery/power system 
used. (All jumper settings are illustrat- 
ed in Fig. 2.) 

You can power MAG-1 1 with ac, 
battery or both. Connect an external 
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Fig. 1. Complete schematic diagram of MAG-1 1 single-board computer is shown here in multiple parts. 
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ac power supply via SOI and jumper 
pins 1 and 2 of JP2. If you use a 
7.2-volt Ni-Cd battery for whole- 
circuit backup, jumper JP8. If you use 
only a 9-volt alkaline battery, jumper 
pins 2 and 3 of JP2 and leave JP8 
without a jumper. If you use a battery- 
power or backup source, use an 
LM2931T low I/O differential 5-volt 
regulator for U4. Finally, if you use 
only an ac source, U4 can be an 


LM340T, which is capable of handling 
greater current. 

MAG-1 1 contains five resistor net- 
works, identified as RNI through 
RN5. These replace 33 discrete resis- 
tors that would have been required if 
they weren’t used. 

MAX690 MPU Supervisory Circuit 
U2 provides a reset output with auto- 
matic voltage-monitoring capability. 
Pin 7 is an active-low output with an 


internal 3-^A pull-up and goes low 
whenever the + 5-volt power source 
drops to less than 4.65 volts. It goes 
high when Vcc exceeds 4.69 volts for 
at least 50 milliseconds. Switch S3 per- 
mits you to manually reset the circuit, 
and resistor R18 is optional, to be used 
in reset applications that require more 
current than 3 fiA when the reset sig- 
nal is high. 

The other function of U2 is to pro- 
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PARTS LIST 


Semiconductors 

D1 ,D4 — 1N5817 Schottky barrier 
rectifier diode 

D2— 1N4001 silicon rectifier diode 
D3— 1N4733A 5.1-volt 1-watt zener 
diode 

LED1,LED2,LED4,LED5,LED9, 

LED 10— Green low-current, high- 
efficiency light-emitting diode 
LED3,LED6,LED7,LED8,LED1 1 — 
Red low-current, high-efficiency 
light-emitting diode 
Q1 — 2N2222A npn silicon transistor 
U1 — MC68HC1 1 A1P single-chip 
microcomputer 
U2 — MAX690CPA 
U3— MAX232 IC (optional— see text) 
U4— LM2931P differential fixed 
+ 5-volt regulator 
U5 — 74HC245 
U6,U 11 — 74HC373 
U7 — 27C256 EPROM (programmed 
— see text) 

U8 — 74HC138 

U9— 6264LP 8K RAM (optional— see 
text) 

U10— 27C256 32K EPROM or 32K 
RAM (optional — see text) 

U12 — 74HC259 
U13 — 74HC4078 
U14 — 74HC14 
U15 — 74HC04 
U16 — 74HC32 
U17 — 74HC1 1 

U18— LM336-5.0 precision + 5-volt 
reference 

Capacitors 

Cl — 1,000 -/iF, 25-volt electrolytic 
C2— 47-/xF, 16- volt electrolytic 
C3 — 10-/iF, 16-volt electrolytic 
C4,C11 — 1-^F, 100-volt metalized 
polyester 

C5— O.OL/xF, 50-volt monolithic 
ceramic 

C6,C9,C10,C18,C20 thru C32— 

0.1 -/*F, 50-volt monolithic ceramic 
C7,C8— 15-pF, 500-volt dipped mica 
C12 thru C16 — 22-/*F, 25-volt 
electrolytic 

C17 — 100,000-/iF (0.1 -F), 5.5-volt 
Panasonic Gold 

Cl 9— 1,000-pF, 50-volt monolithic 
ceramic 

Resistors (^-watt, 5% tolerance) 

R1 — 330 ohms 
R3,R 17— 1,200 ohms 
R4 — 1 -megohm 
R5,R1 1—1,000 ohms 
R7— 150 ohms 
R8— 10 megohms 
R9— 4,700 ohms 

R12— 3,300 ohms (optional— see text) 
R14— 4,7 ohms 
R15— 1,500 ohms 
R 1 6,R1 8 — 10,000 ohms 
R2,R6— 1,000-ohm pc-mount trimmer 
potentiometer 



R10— 500-ohm pc-mount trimmer 
potentiometer 

R13 — 10,000-ohm pc-mount trimmer 
potentiometer 

RTH— 1,000-ohm at 25° C thermistor 
(Fenwall No. JB31J1 or equivalent) 

RN1 — Nine-element 4,700-ohm SIP 
resistor network 

RN2— Five-element 4,700-ohm SIP 
resistor network 

RN3 — Five-element 4,700-ohm SIP 
resistor network 

RN4 — Nine-element 4,700-ohm SIP 
resistor network 

RN5 — Nine-element 4,700-ohm SIP 
resistor network 

Miscellaneous 

J1 thru J6 — 20-contact, dual-row 
female connector with contacts on 
0.1" centers (male headers optional 
— see text) 

J7 — Right-angle, pc-mount DB 9 
connector 

JP1,JP2,JP4 thru 

JP7,JP12— 3-position 

jumper block with pins on 0. 1 " 
centers 

JP8,JP10,JP1 1—2-position jumper 
block with pins on 0.1 " centers 

SI — 10-position DIP switch 

52— 4-position DIP switch 

53— Normally-open, momentary- 
action spst pushbutton switch 

SOI— Socket for external ac power- 
supply cable 


XTAL1 — 3.6864-MHz crystal (4-MHz 
optional — see text) 

Printed-circuit board, sockets for 
all DIP ICs; 10 shorting jumpers; 
heat sink for U4; four 1 " threaded 
metal spacers; four small screw-on 
rubber feet; machine hardware; 
hookup wire; solder; etc. 

Note: The following are available from 
Magicland (4380 S. Gordon Ave. , Fremont, 
M 1 494 1 2): MAG- 1 1 pc board, write for lat- 
est price; ICs (except MAX-232, 6264LP 
and 27C256), including MC68HC1 1 A1P 
and 27C256 programmed with MAG- 
11DIAG firmware, JB31J1 thermistor, 
7,270-ohm resistor and MAG-1 1 software 
on 5%" or 3'A" disk (No. MAG-1 1 chip/disk 
kit), $49.50. Available separately: 
MC68HC1 1 A1P, $25; programmed 
27C256(No. MAG-1 1DIAG/E-256), $12. 
Also available is a PC-compatible disk with 
the assembly-language listing of MAG- 
1 1DIAG software, Motorola S format file 
and 68HC11 software mentioned in this 
series; includes Motorola’s freeware 
68HC11 assembler, MAG-11 and 
HPPRT.EXE (courtesy PCBoards) files for 
printing pc guides on a Hewlett-Packard 
LaserJet 1 1 /compatible laser printer, $7.50 
(5/a" disk No . 68 1 1 ME-5) and $ 1 0 (3 'A " disk 
No. 6811ME-3). 

The assembly-language listing of M AG- 
1 1 DI AG software can be obtained by send- 
ing a self-addressed full-size business enve- 
lope with 75 cents postage on it to Magic- 
land. 
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NOTE yi (28; > 

Bootstrap diagnostic = F800-FFFF or Basic-1 1 = 8000-FFFF. 
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vide memory/backup-battery switch- 
over. Pin 8 connects to the backup 
power source, pin 1 to the CMOS 
RAM to be backed up. Basically, U2 
compares Vcc to Vbat and connects 
pin 1 to whichever is o f greater magni- 
tude. The output from U2 goes to pin 
28 of optional CMOS RAM U9 and, 
through R9 , to jumper JP1. 

If pins 1 and2of7P7 are jumpered 
(Normal Expanded mode or Single- 
Chip mode) the backup voltage pow- 
ers L7’s internal RAM through pin 24. 
If pins 2 and 3 are jumpered, pin 24 of 
Ul is grounded and the MCU will be 


in either Special Test or Special Boot- 
strap mode. 

An on-board backup power source 
is provided by Cl 7. Since Cl 7 is rated 
at only 5.5 volts, 5. 1-volt zener diode 
D3 must be connected across it as 
shown. If a MAG-1 1BAT board is 
plugged into MAG- 1 1 , use RIO to ad- 
just the charging current for B2 . 

The clock circuit consists of XTAL1 , 
C7, C8 and R8. Chip U18 and resistors 
R 12 and R13 provide an optional pre- 
cision reference of 5.0 volts dc for the 
L7’s internal A/D (analog-to-digital) 
converter,. If you don’t use U18 , 


jumper the pins of JP10. 

RS-232 driver/receiver U3 doesn’t 
require a separate ± 12-volt power 
source to operate. It connects to Port 
D of Ul at pdo/pdi pins 42/43. The 
transmit line of U3 connects to pin 3 
of 77, its receive line to pin 2 of J7. 
Also, pin 7 of J7 connects to ground. 
This DB-9 connector is AT-compati- 
ble. Keep in mind that no handshak- 
ing is used in this circuit; some systems 
require other pins to be active as well. 

Notice that all LEDs, including 
POWER LED9 , are controlled by SI 
position 9. With this switch open, 
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Fig. 2. Pinout and connection details|forthe variousconnectors and jumper blocks used in the MAG-11 SBC. 
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MAG- 1 1 operates in a low-power 4 ‘in- 
visible” mode. 

mcu CHECK LED 10 connects to the 
collector of Ql , the base of which con- 
nects to pin 5 of U1 . This pin connects 
to Bit 3 of Port A (located at $1000) 
inside Ul. Therefore, writing to ad- 
dress $1000 with a xxxxlxxx, (vindi- 
cates a 1 or 0) turns on LED10 , which 


is turned off by writing xxxxOxxx to 
location $1000. 

Pin 6 of Ul connects internally to 
Bit 2 of Port A and functions in 
MAG-1 1 as an edge-sensitive timer/ 
input-capture (ici). It connects 
through C19 (which, along with a 
10,000-ohm resistance from inside 
RN2 , functions as a differentiator) to 


the output of a temperature-sensitive 
square-wave oscillator. This oscillator 
consists of three Schmitt-trigger in- 
verters inside U14 and a ther- 
mistor/resistor combination. 

The network made up of R5 , R6 
and R19 has a resistance that varies in- 
versely with temperature. As tempera- 
ture increases, the period decreases 


More Information on the 68HC1 1 


Part 1 examined the basics of the HC1 1 MCU enough for you 
to understand a simple circuit and a primitive working program. 
Now let’s look at a more practical program that tests several of 
the HC1 l’s peripherals. This MAG-1 1DIAG program also makes 
it a snap to try out any new original program of your own. This 
discussion is limited to descriptions of only the registers, peripher- 
als and other items that you’ll be using in the program. 

Figure A is a block diagram for theMC68HCl 1A8. Unlike the 
MC68HC11A1P, the MC68HC11A8 includes an 8K ROM. In 
Fig. B is shown a programming model for the generic 68HC1 1 

•Special Test Mode. The HC1 1 goes into special test mode when 
moda pin pin 25 is high and modb pin 24 is low at reset. After 


the reset signal rises, the mode-select pins no longer influence oper- 
ating mode. 

Test mode isn’t meant for normal operation, primarily because 
many of the automatic protection mechanisms aren’t enabled in 
this mode. It’s important because you can program the CONFIG 
register only while in it. It’s also useful in debugging a system. 

• Test Instruction. When in Special Test and Bootstrap modes, 
the test instruction (opcode $00) causes the address bus to count 
backward (decrement). This is useful for testing the MCU. But 
it’s rarely, if ever, used in a “normal” system. When the MCU 
is in Normal Expanded Multiplex or Single-Chip Mode, the test 
instruction is an illegal opcode. 

• Stop Instruction & RAM Backup. This rather unusual instruc- 



Fig. A. Block diagram of the 68HC11A8. 
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nearly linearly. While a linear re- 
sponse to temperature isn’t a require- 
ment, it helps to simplify the software. 

After adjustment, the period at OF 
is 2,503 fis y or 2,307 cycles with a 
921-kHz clock (2,503 cycles with a 
1-MHz clock). Each cycle corresponds 
to 1 ° F, and each decrease (in cycles) 
of period length corresponds to an in- 


crease of 1 ° F. For a temperature of 
100° F, period length (in cycles) 
should be2, 503 - lOOor 2,403 ps. The 
software converts the relative period 
length into a binary display of temper- 
ature in °F. 

Demultiplexing of the low-order ad- 
dress lines and data lines is done with 
74HC373 octal transparent latch U6. 


It latches the stable address informa- 
tion of address output signals A7 
through A0 when the AS (Address 
Strobe) signal connected to the enable 
line of U6 drops low. In addition to 
providing demultiplexing, U6 buffers 
these address lines. 
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Fig. B. Programming model of the “generic” 68HC11. 


tion causes the oscillator and all MCU clocks to stop. When in 
Stop Mode, power consumption is dramatically reduced, to less 
than 1 00 fjA and typically much less. The S bit in the Condition 
Code Register must be cleared to enter Stop mode. After reset 
occurs, it’s set. When this bit is set, STOP is treated as a nop 
instruction. 

The primary use for the stop instruction is to provide an easy 
—primarily software— way of maintaining the internal registers 
and contents in RAM when primary power fails. In many systems, 
sufficient energy is stored in filter and bypass capacitors to re- 
tain the contents in RAM for a long time. The main requirement 
is that the MCU enter Stop mode within several hundredths of 
a second after primary power fails. This RAM backup approach 
is most effective in Single-Chip mode. Nevertheless, it can be used 
when more chips are in the system, as long as they can be placed 
in a low-power standby mode. 

MAG-1 1 can use this method of RAM/register backup. How- 
ever, as you can see in the simplified main flow chart in shown 
in Fig. C, MAG-11DIAG software requires MAG-11 to be in 
Special Test mode before the software places the MCU in Stop 
mode ( Sl(3 j, SI(5) and Sl(8) must be set to off.) 

Primary RAM backup in MAG- 1 1 is energy stored in Cl 7. This 
super-capacitor supplies a voltage to pin 24 of U1 in Fig. 1 in the 
main article. Pin 24 sets UFs mode of operation and provides 
backup RAM voltage. 

Some M68HC1 1 chips have a “bug” in the stop instruction. 
To prevent this bug from interfering with your design, always 
place a nop instruction immediately before a stop instruction. 


HPRIO Register 

Bit 7 6 5 4 3 2 

Instruction RBOOT SMOD MDA IRV PSEL3 PSEL2 

Bit 1 0 HPRIO 

Instruction PSEL1 PSEL0 S103C 

Since the diagnostic software uses only Bit 6 (SMOD), the other 
bits will be ignored for the present. For more information on these 
other control bits, consult the M68HC1 1 Reference Manual. 

The SMOD (Special MODe) control bit is used to change from 
Special Test to Normal Expanded mode. It can’t be used to change i 
from Normal to Expanded mode to Special Test mode. It can be 
cleared, though never set by software, but it can be read at any 
time. When set, the MCU is in Special Test mode (or Special 
Bootstrap mode if modA is 0). When SMOD is cleared, the MCU 
is in Normal Expanded mode (or Normal Single-Chip mode if 
moda is 0). 

Option Register 


Bit 

7 6 5 

4 

3 

2 

Instruction 

ADPU CSEL IRQE 

DLY 

CME 

0 

Bit 

1 0 OPTION 




Instruction 

CR1 CR0 SI 039 





After reset, all control bits are cleared, except Bit 4, the dly bit, 
which is set. 
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Fig. C. Simplified main flow chart for MAG-1 1DIAG software. 
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Since the option register is used extensively by MAG- 
11DIAG software, we’ll look at all control bits next. 

• Bit 7/adpu — A/D Power-Up. This bit must be set before us- 
ing the A/D system. A 100-/*s delay is required after adpu is set 
to permit the A/D system to stabilize. 

• Bit 6/ CSEL—A / D-EE Charge Pump Clock Selection Select . 
When this bit is set, the on-chip RC oscillators are enabled and 
used by the A/D system and EEPROM charge pump. When 
cleared, the MCU E clock is used instead. If the E clock is 1 MHz 
or greater, this bit should be cleared. If the E clock is 750 kHz 
or less, this bit should be set. Between these frequencies, set this 
bit only if you wish to program or erase the EEPROM. 

• Bit 5/irqe — IRQ Edge/Level Sensitive . When cleared, the IRQ 
pin is configured for level-sensitive wired-OR operation (low level 
triggers it). When set, it’s triggered on a falling edge. Important: 
Except in Special Test mode, this bit can be written to only once 


after reset and this write must occur within 64 E clock cycles af- 
ter reset, though is can be read at any time. 

• Bit 4 / dly — Stop Exit Turn-On Delay. When this bit is set (af- 
ter reset), a 4,064 e clock-cycle delay is imposed after a stop peri 
od. When the dly bit is clear there’s no delay. Generally, this bit 
should be cleared only if an external clock source is used. Impor- 
tant: This bit can be programmed only once and within 64 E 
clock cycles after reset (see Bit 5 above). 

• Bit 3/cme — Clock Monitor Enable. When cleared, the clock 
monitor circuit is disabled. When set, the clock monitor system 
triggers a reset sequence if no clock is present or if the clock is 
slow. With systems that use a clock frequency of less than 200 
kHz, this bit should always be cleared. 

• Bit 2. Not presently used. When read, it returns a zero. 

• Bit 1/CRi & Bit 0/cro. These two bits set the COP time-out peri- 
od. Four different time-outs are possible, but MAG-1 1DIAG 


(Continued on page 82) 
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Applications By Jan Axelson 


Microcontroller Forum 

Answers to questions most-often asked by readers 


S ince I began this series of articles 
on microcontrollers and single- 
board computing last year, many 
readers have written to ask for infor- 
mation on a variety of topics. On the 
premise that a topic that’s of interest 
to one is almost always of interest to 
many, this month I present a selection 
of reader questions and my responses 
to them. 

Car Computers 

I’ve had several questions about auto- 
motive computers, which are a hobby 
of mine. Here are some typical ones: 

Q. What type of microprocessor do 
automotive computers use , espe- 
cially Ford EEC-IV type systems? 
What programming language do 
they use? How are these computers 
programmed? 

How can I interface and write a pro- 
gram for my PC to extract trouble 
codes and activate the self-diagnostic 
procedure from my Ford EEC-IV 
computer? 

B.S., Chesapeake, VA. 

My interests are cars and comput- 
ers. There must be quite a few readers 
who , like me, would like to experiment 
with the program in their car-com- 
puter'sPROM. This should be easy to 
do if information on the processor is 
available. 

All of the ICs in my Chevrolet's 
computer carry only a General Motors 
part number. Do you know whose 
processor they use, or do they make 
their own? Where would a person get 
the processor's instruction set? 

D.H., Nepean, Ontario. 

A. The kind of computer used in your 
car depends a lot on the car’s make, 
model and year. In the last decade, car 
computers, like personal comput- 
ers, have advanced tremendously, 


prompted by the need for better fuel 
economy and reduced exhaust emis- 
sions, and made possible by more 
powerful, faster computer chips. 

To attain more precise engine con- 
trol, auto makers are gradually mov- 
ing from 8-bit microcontrollers to 
1 6-bit designs, some even on to 32-bit 
digital signal processors. 

Most auto makers don’t make their 
own computer chips. Instead, they use 
standard or specialized components 
from chip makers like Intel, Texas In- 
struments and Motorola. Ford has 
used a version of Intel’s 16-bit 8096 
microcontroller. Delco Electronics, a 
division of General Motors, has 
worked with Motorola to develop en- 
gine controllers based on the 6801 mi- 
croprocessor and the 68HC1 1 micro- 
controller. New Delco designs use Mo- 
torola’s 32-bit MC68332, microcon- 
troller based on the 68020 chip. 

In developing the engine-control 
programs, system designers aim for 
the highest engine performance possi- 
ble while still getting good gas mile- 
age and meeting emission-control 
requirements. 

Engine-control programs use dif- 
ferent control strategies for engine 
startup, warm-up, cruising, accelera- 
tion, deceleration and idle. Some sys- 
tems use adaptive memory, which au- 
tomatically adjusts to the characteris- 
tics of a specific car (not just the model 
of car) and adjusts operating parame- 
ters as the car ages or when compo- 
nents are replaced. 

Exact hardware configurations vary 
with the manufacturer, model and 
year. Typically, though, the engine- 
control program is mask-programmed 
into the microcomputer chip’s ROM. 
Sometimes, calibration values specific 
to a particular model are stored in a 
separate PROM. 

As with other embedded comput- 
ers, the program is originally written 
in assembly language or a higher-level 


language like C and then assembled or 
compiled into object code that’s pro- 
grammed into ROM. Since the con- 
tents of ROMs and PROMs are unal- 
terable once programmed, to change 
the contents, you must replace the 
chips. Although there are alternative 
“performance” PROMs on the mark- 
et for some models, I know of no 
source for specific information about 
the program code or PROM data. 
Since altering the program could cause 
engine damage or increased exhaust 
emissions, I doubt that details about 
PROM contents is made available to 
the general public. 

The good news is that accessing the 
embedded diagnostic procedures is 
feasible. The EEC-IV is Ford’s fourth- 
generation car computer that , among 
other functions, performs self-diag- 
nostics and outputs two-digit service 
codes that reveal the results. Other 
auto makers use similar systems. 

Ford’s service codes are output as 
a series of pulses on the car’s self-test 
connector. Figure 1 shows Service 
Code 15 (ROM or RAM test fail). You 
can read the codes on a test instrument 
designed for this purpose, or you can 
simply connect an analog voltmeter to 
the self-test connector and read the 
pulses as sweeps of the meter’s needle. 

If you want to input the service 
codes into a personal computer, you 
need to shift the signal levels to volt- 
ages that are compatible with the com- 
puter’s inputs and provide software 
that detects the signals and translates 
them into a human-readable form. 

Although the service codes are serial 
data, you can’t use a standard com- 
munications program to read the 
codes at a serial port, since the data 
doesn’t use conventional serial-com- 
munications protocols. 

One approach would be to limit the 
potentials to 0 and 5 volts and connect 
the resulting signal to one bit on a par- 
allel port. You could then write a pro- 
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CONSUMERTRONICS 


2011 CRESCENT DR., P.O. DRAWER 537 
ALAMOGORDO NM 88310 

1-505-434-0234 

FAX 1 -505-434-0234 (orders only). Mon. -Sat. 
8AM-9PM MST Voice & Manual FAX. 9PM-8AM 
Auto. FAX. Add $4 ship. (USA, Canada) All items 
are in stock. COD (UPS cash only), VISA, Master 
Card OK. Catalog is $2. In business since 1971 
As seen on TV. John Williams - former Senior 
Engineer (Lockheed), NMSU Professor of 
Computer Science 


OFF-THE-SHELF HARDWARE 


Van Eck System, Shriek Module, Voice Dis- 
guisers, Hearing Assistor, Diabetes Alarm, 6th 
Sense Communicator, The Levitator, Resonant 
Coils, TENS Devices, Long Range Eavesdropper, 
Bumper Beeper, PC A/D Interlace, Radar Emitter, 
Subliminal Mixer, Neurophone, EM Weapons 
Countermeasure, Payphone Autodialer - more! 
Assembled and tested (no kits). $ 1 for descnpiions. 


COMPUTERS 


HARD DRIVE MANUAL 


Relates to all hard drive and controller implementa- 
tions (emphasis on PCs). How to select, interface, 
initialize, set up, use, maintain, troubleshoot and 
repair them How to protect them from mistakes, 
sabotage, prying eyes, sticky fingers. How to 
recover damaged and lost files. Includes software 
reviews. Loaded with info, advice and tips $29. 


DISK SERVICE MANUAL 


Maintain, troubleshoot, repair, adiust, align floppy 
drives without special equipment or software - 
5. 25 '73. 5 78", PC/ XT/ AT / 386 / 486, Apple, Com- 
modore, Kay pro, Tandy, Epson, Atari, Tl, HP, DEC, 
etc. systems. All floppies need regular upkeep J29. 


DISK DRIVE TUTORIAL 


Theory and practical facts on floppy drives, 
disks, FOCs, formatting, software protection 
Systems described above Invaluable advice and 
tips on how to best select, interface and use 
drives and disks S19. 


PRINTER/PLOTTER MANUAL 


Types, descriptions, specs and 100+ interfaces 
(parallel, serial). Detailed plans for X-switchers, 
buffers, and serial-to-paraflel and parallel-to- 
serial interfaces, breakout devices. Many buy. 
use, service, repair tips $14. 


SUPER RE-INKING METHOD 


Re-ink cloth ribbons for about 50 cents and 10 
minutes each. Plans for el cheapo motor-driven 
re-inker. Commonly used ink (5 colors) and 
carrier described $9. 


COMPUTER PHREAKING 


TROJAN HORSES, VIRUSES, WORMS, etc and 

countermeasures. Includes disk with 250K+ of 
hacker text files and utilities, and iegendary 
FLUSH OT+ protection system (Ed Choice, PC 
Magazine). Dozens of computer crime and abuse 
methods and countermeasures How systems 
are penetrated. BBS advice, password defeats, 
glossary, much more! Manuals + Disks* $39. 


BEYOND VAN ECK PHREAKING 


Eavesdropping on VDT and TV video signals 
using an ordinary TV 1 Ranges up to 1 KM Plans, 
countermeasures Includes legal Van Eck uses, 
and original Top Secret Van Eck design! $29. 


ABSOLUTE COMP. SECURITY 


Dozens of simple, versatile, secure computer 
security methods and tips. Plus our invulnerable 
Cipher Program (in COM and its BAS source) 
Plus $1,000 CIPHER CONTEST rules 
with ciphertext Manual + Disk* $24. 


CRYPTANALYSIS TECH. 


Five powerful menu-driven crypto programs (in 
COM and their BAS sources) to analyze, decrypt 
'secure" ciphertexts. Worked-out examples 
Recommended in the prestigious COMPUTERS 
& SECURITY. Manual + Disk* $29. 


SOFTWARE PROTECTION 


Unique system that highly discourages costly 
software piracy while not interfering with legit 
archival copies. No known way to defeat No 
special equipment required. Easy, automatic to 
install on your disks. Can be used with any other 
protection system. Manual + Disk* $59. 


BRAIN VIRUS ANTIDOTE 


The PAKISTANI BRAIN VIRUS plagued dozens 
of inst ; tutions, businesses. The mildly destructive 
original version has been hacked into highly vir- 
ulent strains B VA consists of the antidote, source 
code and write up Disk* (NOT infected) $T9. 


AL DEVELOPMENT SYSTEM 


Powerful program for creating/editing AL source 
code. Like sophisticated wordprocessor with many 
unique and powerful AL features. Includes tutorial 
and program for integrating AL routines into 
comoiled BASIC orograms Manual + Disk* $f9 


R0B0F0NE AUTODIALER 


Powerful, versatile, menu-driven program allows 
you to dial any number (up to 10K) or mix of local and 
long distance numbers in any order, over any length 
of time, whether busy or answered (your choice) and 
log the times, commands and results to monitor, 
printer and-or disk. Quick-dial directory of up to 600 
numbers BUSY redial options. Direct modem com- 
mand and control. All result codes, including Voice 
and Ringing. Optional shell to terminal program 
upon Connect. Exit to menu or DOS (for batching). 
Ideal ' Wargames” power dialer phone call logger 
and telemarketing dialer Manual + Disk* $29. 

* All software supports all IBM-PC and compatible 
systems ( 86- ’486) 


ELECTRONICS 


PHONE COLOR BOXES 


Designed by Phone Phreaks! 1 5 phone color boxes 
described. Dozens circuits, programs Plus call for- 
warding, conferencing, phreak history. Plus 50 useful 
and legal phone circuit plans More 1 Manual $29. 


VOICE MAIL BOX HACKING 


How Voice Mail Box (VMB) systems are used and 
the specific ways they are hacked Includes 
ASPEN, MESSAGE CENTER, BIX, EZ, SYDNEY 
PHONE MAIL, AUDIX, etc. Absolutely required for 
all sysops, users' $29. 


VOICE DISGUISER 


Plans for neat devices to change voice pitches 
Effective against snoops using voice analyzers, to 
conceal gender for women living alone; for anti - 
intrusion systems; for music accompaniment, foi 
gags Voice sounds natural $f9. 


CELLULAR PHONE MANUAL 


How cellular phones are designed, operated and 
programmed. How cellular systems are vulnerable 
to hack attacks and countermeasures $29. 


PHONE RECORD. INTERFACES 


Plans for undetectable (ultra-hi input impedance), 
indestructable TELECORDER to record phone 
conversations. Also monitors for bugs and taps 
Plus simple FM xmitter addition and the ear 
piercing SHRjEK CIRCUIT plans $9. 


RADIONICS MANUAL 


Exciting eleciromc and electromagnetic therapeutic 
and diagnostic devices (mostly experimental) 
History, descriptions, plans (dozens), availabilities 
of Radionics Devices from early to modern $29. 


HEAL THYSELF 


Many electronic medical devices are now licensed 
by the FDA for therapies. Plans for three maior 
different devices that you can build and use 
yourself. Save $ Thousands! Plus details on many 
other devices. $19. 


BIO-SPECTRUM ANALYSIS 


Su mmary of the Diologic effects of electromagnetic 
fields from DC to the near-infrared (0-300 GHZ). 
Bands include 6 ELF, VLF, LF, MF HF, VHF UHF 
SHF EHF. Special emphasis on DC, 50 HZ, 60 HZ 
2.45 GHZ (microwave ovens), 3 GHZ (radar). 
Graphical spectrum display includes frequency, 
researcher, date, source, effects, subject type and 
signal attributes Also includes FCC assignments 
and physical properties. $19. 


EM BRAINBLASTER 


Tutorial and plans for powerful ELECTROMAG- 
NETIC WEAPONS and LAB DEVICES. Optimum 
circuits, freqs., waveforms, intensities Compre- 
hensive MIND BOGGLING! $29. 


UNDER ATTACK!! 


ELECTROMAGNETIC INTERFERENCE (EMI) and 
ELECTRONIC WEAPONS cause INEXPLICABLE 
MANIFESTATIONS! These attacks can cause 
cancer, birth defects, psychological and neurological 
disorders, cardiovascular and immune system 
failures, etc Destructive to people, pets, livestock, 
plants, equipment INCLUDES ACTUAL CASES 
(which we have investigated and documented) OF 
ATTACKS ON PEOPLE BY EM WEAPONS! And 
includes how you can verity and pinpoint the source 
of the EMI /electronic attack, and specific counter- 
measures you can take $29. 


HIGH VOLTAGE DEVICES 


HV devices plans. Stun Gun, Taser, Prod, Cane, 
Umbretta, Zapper, RF / Radar/ Audio Jammer, 
Flasher, Blaster, Jacob’s Ladder, Plasma and Van 
de G raatt Gens., Fence Charger, Gerger Counter, 
Ozone Gen., Fish Stunner, Pest Killer, Plant Stimu- 
lator, Kirlian, Magnetizer, etc. SHOCKING! $29. 


SECRET & SURVIVAL RADIO 


Optimum survival and security radio equipment, 
methods, frequency allocations and voice/data 
scrambling/encoding Includes small receivers/ 
xmitters, telemetry, antenna optimizations, remote 
monitoring and control, security, surveillance, and 
ultrasonic, fiberoptic and infrared commo. More! 
70+ circuit plans, tables. $29. 


TV DECODERS/CONVERTERS 


Tutorial and plans for several TV decoders and 
converters. Plus satellite TV component purchase 
and use tips $14 


STEALTH TECHNOLOGY 


Police radar isfasctnafTng. It also has error rates of 
1 0%-2Q%! Every known: Error mode - Method and 
material to minimize radar reflections - Strategy 
and tactic to fight unjust radar tickets (that cost 
you a fortune in insurance) - Method to detect and 
jam signals - fullv described' $19. 


THE “G0LDFINGER” 


Tired of digging up rusty nails and bottle caps 7 

The "Goldfinger" detects GOLD, SILVER, PLAT- 
INUM, COPPER and ALUMINUM while rejecting 
all ferromagnetics. Plans $14. 


THE “SILKWOOD” 


The "Silkwood" detects X - and Gamma Rays, an 
Alpha and Beta particles. Simple, pocketsize. 9- 
volt battery-operated rad detector requires no 
Geiger Mueller tubes or high voltages 95+% 
linearity between 10-1,000 rads/min Indicates to 
less than 0 1 rad/min. Check out your job, home, 
possessions Prospect for minerals And a litesaver 
for nuclear survival situations. Plans. $14. 


NEW CIRCUIT 
DESIGN CONCEPT 


Describes new circuit design "MAGIC POLY- 
HEDRON” concept. Soldering typically less than 
20% of PC and perf board designs - much less 
risks of toxic chemicals, burns, bad solders, 
cooked parts, etc. Compact, efficient, versatile, 
fow-noise, reliable shape size, layout. Easy to 
troubleshoot and make design changes Relatively 
nexpensive. Easy to integrate with chasses, 
controls, connectors, displays, power supplies, 
etc Assemble Circuits just about any where $19. 


KW-HR METERS 


How watthour meters work, calibration, error 
modes (many), ANSI Standards, etc Demand, Pole 
and Polyphase Meters Experimental results $T9. 


STOPPING POWER METERS 


As reported on CBS 60 MINUTES! How certain 
electrical loads (r mply plugs into an outlet) can 
slow down watthour meters even stop them 
while drawing full loads! Also describes meter 
creep, overload droop. $19. 


THE I.G. MANUAL 


External magnetic ways to slow down and stop 
watthour meters while drawing full loads $T9. 


GAS FO’ ALL 


Every known vulnerability of gasoline and diesel 
fuel rumps and disoensers. $19. 


LIBERATE GAS & WATER 


How gas and water meters can >e reversed using 
simple household equipment $T9. 


VORTEX GENERATOR 


Heat/cool with simple, amazing 3-port device Uses 
no moving parts, electricity, fossil fuel, liquid or freon 
Guaranteed scientifically sound. Plans $T4. 


MDVR METHOD 


Plans for the effective and inexpensive MD 
Method to legally save electrical energy (30%- 
60%)! Develops optimum efficiency, safety and 
versatility, and saves wear and tear - all without 
significant loss of performance or service $9. 


FINANCIAL 


GOVERNMENT LAND GRAB 


You can force the government to sell you pnme 
land at ridiculously tow prices with no competing 
bids allowed because of a little-known 100+ year 
old Federal Law! One man legally forced theGov- 
ernment to sell him 160 acres of prime forest land 
for $400 - appraised at $1,6000,000! Another got 
19 prime acres in Phoenix, AZ for $47 appraised 
at $376,000! Complete details and proof $19. 


CONS & SCAMS 


Cons and scams fleece Americans of at $50+ 
Billion per year! The most comprehensive manual 
on cons and scams of all kinds from the classic to 
the high tech. Details on hundreds of cons and 
scams and their many variations and counter- 
measures. Fraud is rampant - protect vourself' $29. 


ATM crimes, abuses, security, vulnerabilities 100+ 
methods described - from Reg E to ciphers Case 
histories, law, countermeasures, detailed security 
checklist. Internal photos, figures! Still unsolved. One 
crook stole $237,000 from one bank's ATMs 1 $39. 


CREDIT CARD SCAMS 


Cardholders, merchants and banks suffer$ Billions 
losses annually because of credit card fraud. 
Describes every known means of credit card fraud 
and scams Protect vourself $29. 


CREDIT REPORTING ENTITIES 


Giant commercial and government databases 
now contain millions of financial, employment, 
medical, family history, lifestyle, criminal, religious 
and political files on most Americans. These files 
are instantly accessible to thousands of people 
Data is often erroneous, incomplete, obsolete or 
repetitious - often costing people credit and jobs - 
even their freedoms' How to protect your privacy 
and security. Comprehensive $T9. 


ULTIMATE SUCCESS MANUAL 


Underpaid 7 Harassed 7 Mampui ed 7 Stuck in a 
dead end job? Expect to be laid off or fired 7 Sick of 
office politics? Job/division/company moving to 
Timbuktu? The ultimate no -hold -barred Machiavel- 
lian techniques for finding, obtaining, optimizing 
and keeping top jobs and benefits THE RULES OF 
THE GAME FOR A GAME WITHOUT RULES! 
From resume to CEO $29. 


ST0CKPR0 


Unique, powerful, shrewd, unconventiona 
common stock investment strategy Created for 
NMSU, and basis of expensive consulting 
system Manual + Disk* $29. 


PHYSICAL SURVIVAL 


ORDER OF THE MAGNITUDE 


THE MOST COMPREHENSIVE SURVIVAL BOOK 
EVER WRITTEN! Topics include electronics, com 
puters. energy, weapons, concealment, revenge, 
alarms, etc. Helps you survive today and in the 
Day After Absolutely required 1 Field-expedient 
use of technology typically in a lower- intensity 
conflict environment C4I emphasis $39. 


SURVIVAL GUNS & AMMO 


THEULTIMATE FIREARMSSURVIVAL MANUAL! 

Describes optimum guns and ammo, conver 
sions, silencers, explosive devices, improvised 
weapons, End Times scenarios, retreats, etc. $19. 


SILENCE IS GOLDEN 


How acoustic silencers are designed from si mple, 
cheap, commonly-available materials $9. 


SECRET & ALTERNATE IDS 


Privacy is virtually gone 1 With the huge data 
bases now maintained by credit bureaus and 
governments, your sanity and future survival are 
at great risk - unless you can escape under a 
secret and alternate ID Legal methods detailed. 
Not a rehash of the Paper Trip books $14. 


ROCKET’S RED GLARE 


nowTo design and builc^ibiKTpropellant amateur 
and survival rockets Special emphasis on the 
formulation, manufacture and installation of 
propellants motors, igniters, etc. Includes list of 
commonly available materials, And the design of 
launch pads and electronics $29. 


COMBAT/SURVIVAL FITNESS 


Weigh" Training for comba , survival, ponce, 
martial arts, contact sports, brawling and street 
fighting! Scientifically designed to maximize the 
explosive power speed, quickness, agility, 
endurance and hardness for combat and survival 
SURVIVAL OF THE FITTEST There are no 
second-place winners! $14. 


FIREWORKS! 


Describes how firecrackers (M-80s, block 
busters, cherry bombs), rockets (match, bottle, 
large), volcanoes and fountains, sparklers and 
safety fuses are made and colored $9. 


MISCELLANEOUS 


TECH. RESEARCH SERVICES 


Unique 51+ elecromc and computer design 
articles in database accessed by title and 
subject. Digital, uP. ttC, analog, hybrid, nomo 
graph, software Provide us keys, we return list. 
$25 search fee (1-20 keywords/phrases, you 
may combine unrelated topics) Saves you R&D 
$$$ Powerful RES-SNAP program will allow 
your own searches thru popular electronic 
books, magazines and your files Disk* $95 


SPECIAL PROJECTS 


We design, builu, repair, modify, maintain and 
consult on any device, system or project - computer- 
ized, electronic, electrical, mechanical, optical 
Many invention prototypes. Confidentialityguaran- 
teed Describe and include $25 fee (does not obli- 
gate you) We then provide you cost, time estimates 


MMPI PERSONALITY GAME 


What exactly is your personality 7 How does it 
compare with others you care about 7 Do you 
have more than one 7 Much more than just a 
game, the MPG is a zany, satirical, insightful, 
realistic and critical hands-on education about 
personality testing Mind-boggling and a real 
blast' Manual + Disk* $39. 


NUMEROLOGY PROGRAM 


Religion and science are filled with numbers that 
have special meanings Enter a name or phrase 
into NUMERNAM and watch the dozens of 
equivalent numbers displayed derived from 
ancient and modern algorithms Whether numbers 
have special meaning to you or just for fun and 
games, NUMERNAM is numero uno 1 Disk* $T9. 


PREVENT/CURE 
DENTAL DISEASE 


About 70% of all tooth losses are caused by 
"gum disease'' not tooth decay! Simple little- 
known method developed by a Government 
scientist is inexpensive and really works $9. 


TAP NEWSLETTER 


TAP was a controversial technological survival 
newsletter published by the Yippies until the 
mid-1980s, and is a goldmine of hard-to-find 
technological information from ATMs toZapping 
(just about everything). And of great historical 
and nostalgic value Issues 1-91 $2 per back 
issue, $150 for entire set 
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Earn Your B.S. Degree 
in 

ELECTRONICS 

or 

COMPUTERS 



By Studying at Home 

Grantham College of Engineering, 
now in our 41st year, is highly ex- 
perienced in “distance education” — 
teaching by correspondence — through 
printed materials, computer materials, 
fax, and phone. 

No commuting to class. Study at 
your own pace, while continuing on 
your present job. Learn from easy-to- 
understand but complete and thorough 
lesson materials, with additional help 
from our instructors. 

Our Computer B.S. Degree Pro- 
gram includes courses in BASIC, 
PASCAL and C languages — as well as 
Assembly Language, MS DOS, CADD, 
Robotics, and much more. 

Our Electronics B.S. Degree Pro- 
gram includes courses in Solid-State 
Circuit Analysis and Design, Control 
Systems, Analog/ Digital Communica- 
tions, Microwave Engr, and much more. 

An important part of being pre- 
pared to move up is holding the right 
college degree, and the absolutely neces- 
sary part is knowing your field. 
Grantham can help you both ways — 
to learn more and to earn your degree 
in the process. 

Write or phone for our free 
catalog. Toll free, 1-800-955-2527, or 
see mailing address below. 

• 

Accredited by 

the Accrediting Commission of the 
National Home Study Council 

• 

GRANTHAM 
College of Engineering 

Grantham College Road 
Slidell, LA 70460 
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Fig- 1- An exam pie of a service-code output on aself-test connector for Ford Motor 
Company’s EEC-1V car computer. The code (15) means ROM or RAM test fail. 


gram that reads data from the port and 
processes it as you wish. For more on 
parallel-port interfacing, see “Build a 
Parallel Port I/O Interface” in the 
April 1991 ComputerCraft . 

The best source for information 
specific to your car is its manufactur- 
er’s service manuals. Ask a local deal- 
er how to obtain them. Other sources 
of information include: 

Computerized Engine Controls, Se- 
cond Edition, by Dick H. King (Del- 
mar Publishers, 1989). Includes speci- 
fic information about car computers 
for General Motors, Ford, Chrysler 
and Robert Bosch Motronics (used in 
many imports). 

Advanced Electronic Diagnosis of 
Automobilesby Don Knowles (Pren- 
tice-Hall, 1988). This book also has 
specifics on the “big three” domestic 
auto makers. 

Understanding Automotive Elec- 
tronics by William B. Ribbens (How- 
ard W. Sams, 1988). Includes basics 
and theory of auto and computer 
operation. 

A utomotive Engineering magazine, 
Society of Automotive Engineers, 
Inc., 400 Commonwealth Dr., War- 
rendale, PA 15096. Technology news. 

Motor magazine, Hearst Corp., 645 
Stewart Ave., Garden City, NY 1 1530. 
For automotive technicians. Includes 
monthly “Eye on Electronics.” 

See if your local public or technical- 
college library has copies of the above 
or similar titles. If you want to buy any 
of these, many bookstores will special- 
order books on request at no addi- 
tional charge. 

Programming Basics 

This is another hot topic among read- 
ers who responded to my series of 
articles. 


Q . Could you direct me to a source of 
basic information on programming 
single-board computers? Em looking 
for something that someone who has 
very little programming experience 
would be able to understand . 

L.W., Centerbrook, CT. 

A. My current favorite programming 
manual for beginners is Motorola’s 
M68HC05 Applications Guide (No. 
M68HC05AG/AD). This Guide as- 
sumes that you have no applications 
experience with microcomputers. It 
demonstrates how to develop an appli- 
cation using the M68HC05 microcon- 
troller and a home thermostat project 
as an example. 

The Guide includes basic informa- 
tion about computer architecture, 
timing, programming and operation; 
a detailed description of the M68HC05; 
hardware and software development 
methods (including a step-by-step ex- 
ample of how to develop and write a 
program in assembly language); code 
examples; and an assembly-language 
reference. Although the Guide is writ- 
ten for the M68HC05, it provides a 
good introduction to small-system de- 
sign using any microcomputer IC. 

C Programming 

Q. I am seeking information about 
microcontroller boards that can be 
programmed in the C computer lan- 
guage . Iam currently studying Micro- 
soft’s Quick C. 

W.W., Indianapolis, IN. 

A. To program a microcontroller 
board in C, you need a C compiler that 
generates executable code for the spe- 
cific microcontroller IC being used, 
whether an HC 1 1 , 805 1 or whatever . 
With a cross-compiler, you can use a 
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personal computer to write and com- 
pile C code that will execute on a mi- 
crocontroller or other single-board 
computer. 

Many cross-compilers are expen- 
sive. There are a few lower-cost op- 
tions you can examine. For example, 
you can download a Small-C compiler 
for the 68HC1 1 microcontroller from 
the Motorola freeware BBS. Cottage 
Resources offers the Control-C 8031 
C Compiler ($200) for its own and 
other 8031 boards, and Z-World En- 
gineering offers Dynamic C/S ($195) 
for its own and other Z180 boards. 
With any of these compilers, you write 
and compile your C programs on a 
personal computer and then program 
an EPROM or other memory IC with 
the object code generated by the com- 
piler. You then install the EPROM in 
a board that contains a compatible 
microcontroller. 

Although it would be possible to use 
Quick C to program a single-board 
computer, you’d need a board that has 
an 8088 or compatible microproces- 
sor, a Locate utility to translate Quick 
C’s compiled code into a format suit- 
able for EPROM programming and 
DOS in ROM or a DOS emulator to 
perform the input/output functions 
that Quick C expects to have available 
in DOS. 

For experimenting with simple pro- 
grams, a C compiler designed for use 
with single-board computers is a low- 
er-cost and simpler solution. 

Serial LCDs 

Q. I need a liquid-crystal display , but 
I would like to connect to it in a differ- 
ent way than the usual parallel inter- 
face. Would it be possible to drive an 
LCD module with an RS-232 signal? 

D.F., Gold Hill, OR. 

A. The popular character-based LCD 
modules that I wrote about in the Sep- 
tember 1991 issue have a four- or 
eight-bit data bus and three control 
signals. To control the display from a 
serial port, you need a circuit that 
translates the serial output into the 
parallel data and control signals that 
the LCD module expects to see. This 
is a perfect task for a microcontroller 
IC and would be an interesting proj- 
ect. But if you’re in a hurry, serial 
LCD adapters are available from L- 
Band Systems and Densitron, among 
other sources. 


LAI General-Purpose PC Logic Analyzer — $149.00 

Designed especially for efficient sophisticated digital analysis of non-microprocessor circuits. 


IBM PC/XT/AT/386 
compatible 

> The first PC Logic 
Analyzer designed to 

be cost-efficient for low- 
frequency applications. 

> Works with 5-Volt digital 
logic (5V CMOS or TTL) 
8 color-coded data 
lines & external clock 
input. 

> 6 range internal clock 
(1 Hz-IOOKHz) for 
periodic sampling. 



MOUSE 

compatible 

> 48" color-coded ribbon 
cable with spring-loaded 
micro clips 

> Uses your PC’s 
microprocessor and 
memory with an assembly 
language data acquisition 
routine for maximum 
speed on your system. 

> A 12 MHz PC clone easily 
handles over 100,000 


samples per second. 

Add logic analysis to your bench for the price of a DMM 
Ideal for the professional as well as students A hobbyists • Proven excellent teaching aid 

> Integrates with the power & intelligence of your PC to produce a low-cost yet Impressive test In- 
strument. 

"Snapshots" Logic States for observation. 

> Quickly & reliably performs tests that a dual-trace oscilloscope, DMM, and Logic Probe can’t (ex- 
ample: multiplexed digital displays, stepper-motor controllors, . . etc.). 

v Pop-Down Menus. v 8 Channel color-coded logic probe mode. 

> File / Print Utilities, > Free tech support and software upgrades. 

Model LAI 
Logic Analyzer 

Comes Completely 
Assembled A Tested 
with Disk A Manual 
1 Year Warranty 
Orders: 

(504) 222-4146 
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Full-Featured 
software & 
data display 
graphics (Dis- 
plays in full 
color or 
monochrome). 

> On-line help 
system. 

Takes only 
minutes to 
master the 
easy-to-use 
software. 

Made In the 
USA. 


24 hr. answer service: 
(504) 748-7090 

C.O.D. • VISA • MC 
Photronics, Inc. 

109 Camille Avenue 
Amite, Louisiana 70422 
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Now Doubled in Library Size 
And Window 3.0. 
Compatible Including 
Virtual Memory Support 

DC/CAD 

CAD Showdown Results! 


HIGH DENSJTY EXPERTS! 

Integrates Schematic Capture, 

PCB Layouts & Autorouting 

This top-rated CAD out-routed the competition in the 1990 CAD 
Showdown DC/CAD displayed its power and flexibility when 
routing a double-sided board while competing routers used four 
to six layers This non-copy protected package with stklsce 
mount support includes 

• Multi-strategy 1-mil parts autoplacer 

• l-rnil” autorouting w/ripup & retry 

• Thorough annotating design rule checker 

• Full 2-way GERBER and DXF support 

• Optional autoground plane support with cross-hatching 

• Optional simulation capability & protected mode for 386 users 
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Fig. 2. L-Band Systems’ SLMA-1 LCD module adapter permits you to control an 
LCD module from aserial port. An 87C751 microcontroller performs the required 
signal conversions. 


L-Band’s adapter, shown in Fig. 2, 
contains a Signetics 87C75 1 microcon- 
troller. Its serial interface requires just 
three wires: + 5 volts, ground and one 
signal wire. It communicates at 1 ,200 
baud and has both 14x1 and 7x2 
connector patterns, as well as connec- 
tions for a backlight and contrast po- 
tentiometer. This adapter is a write- 
only device, which means that you 
can’t read data or busy status back 
from the display, but this isn’t neces- 
sary to operate a display. 

The signal input of the L-Band 
adapter accepts 5-volt, CMOS-com- 
patible logic levels. If your serial out- 
put has typical RS-232 voltages of 
± 1 2 volts, you’ll have to shift them to 
5- and 0-volt levels, using an RS-232 
receiver or other level-shifting circuit. 
The adapter costs $39 in single quantity. 

Densitron, amajor supplierof LCD 
modules, also makes a serial adapter. 
This one has RS-232-compatible input 
voltages and communicates at 300 to 
9,600 baud. The adapter and display 
can be located up to 65 feet from the 
controlling computer. 

Finding Components 

Q. Iam interested in National Semi - 
conductor's LM628 motion control 
processor. However , as a hobbyist , / 
haven ' t been able to find a source for 
this IC in small quantities. 

V.R., Plant City, FL. 


A. Finding vendors who are willing to 
sell in small quantities is always a chal- 
lenge for the hobbyist, prototyper or 
anyone who isn’t buying in volume. 
Generally, parts sources fall into two 
general categories: traditional distri- 
butors, who are accustomed to deal- 
ing with purchase orders and large 
quantities, and others, who welcome 
small-volume orders or at least 
tolerate them in hopes of making larg- 
er future sales. 

Make a habit of searching out ven- 
dors who are friendly to small-volume 
customers . Save their catalogs and re- 
fer to them when you’re looking for 
a source for a particular component. 
For example, a quick search through 
my collection revealed that Digi-Key 
carries the LM628 and has no mini- 
mum order (but a service charge of $5 
for orders totaling less than $25). 

Other good sources for microcom- 
puter ICs and other components in 
small quantities are Unicorn Electron- 
ics, JDR Microdevices, Newark Elec- 
tronics, Arrow Electronics’ Catalog 
Division (a source for Maxim ICs and 
many others) and EasyTech, a new 
supplier dedicated to serving small- 
volume buyers. All have free cata- 
logs and accept checks and charge 
cards. Minimum orders range from 
$10 to $25. 

Don’t forget to read the ads in 
ComputerCraft to find other parts 
sources. If you know of a good source 


that I haven’t mentioned, let me know 
and I’ll mention it here. 

Finding Data 

Q. I would like to have information 
about the COP420 microcontroller 
made by National Semiconductor. I 
am planning to build a keyboard/ 
display interface using this IC. 

C.O., Los Angeles, CA. 

A. How to track down information 
about a specific IC is another question 
that comes up frequently. All IC man- 
ufacturers publish data books, and 
sometimes extensive applications 
notes, for the ICs they sell. Some 
charge for their data books, while 
others send them out free on request. 
Most will send a data sheet for a single 
IC at no charge. 

If you don’t know a manufacturer’s 
address or phone number, these are 
easily obtained. Most public libraries 
have a set of books called Standard 
and Poor 's Register o f Corporations , 
which contains an alphabetical listing 
of U.S. corporations (and U.S. divi- 
sions of foreign corporations), includ- 
ing address, phone number and major 
products or business . Y ou can also ac- 
cess the Register on CompuServe. 

Another source for data is mail- 
order parts vendors, who often stock 
data books for the components they 
sell. For a nominal charge, many ven- 
dors will send you a photocopy of a 
single data sheet. If you’re not sure 
about a vendor’s policy on this, call 
and ask. 

At times, you may know only the 
part number of an IC but not the man- 
ufacturer. This is a job for the IC Mas- 
ter, a set of books published by Hearst 
Business Communications. This sev- 
eral-thousand-page set indexes all ICs 
by part number; so you can quickly 
find out who makes a particular IC 
and whether there are multiple sources 
for it. IC Master also contains a direc- 
tory of IC manufacturers and distri- 
butors, a master selection guide that 
lists ICs by function, a list of applica- 
tions notes and a selection of data 
sheets contributed by manufacturers. 
The books are updated yearly. 

IC Master has a steep price — more 
than $100 — but there are some ways 
around it. Last year’s version is per- 
fectly serviceable for most purposes 
and is often offered by mail-order 
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sources at a discount. If your work- 
place is involved with electronics, see 
if you can convince your employer to 
buy the set, or find someone who or- 
ders it yearly and ask for the outdated 
copies. If you live near an engineering 
or technical school, check its library 
for copies. 

To answer your specific question, 
data on the COP420 is included in Na- 
tional Semiconductor’s Microcontrol- 
ler Data Book , which is available di- 
rectly from National and secondarily 
from Digi-Key. 

Lightweight Controllers 

Q. One of my hobbies is flying model 
airplane gliders. For a long time , I've 
had a vision of putting a microcontrol- 
ler aboard the model glider. The pur- 
pose would ultimately be to make the 
glider react “intelligently" to wind 
gusts. I wonder if you could advise me 
on the existence of microcontrollers 
that are small and light enough to be 
carried on-board a model glider , 
which itself weighs only 1 pound. 

F.H., Yorktown Heights, NY. 

A, Technology is on your side. Ad- 
vances in miniaturization and low- 
power technology are creating circuits 
that are smaller and lighter than ever 
before. As an example of what can be 
done, the Micro-440 from Blue Earth 
Research is a full-featured microcon- 
troller board that weighs just 70 grams 
(2.5 ounces) and measures 2.25" x 
1.9". Figure 3 shows that it’s built al- 
most entirely with surface-mount 
components, which are much smaller 
and lighter than their traditional 
through-hole equivalents. 

Although the board is tiny, it con- 
tains a lot of hardware, including an 
83C51 microcontroller, 32 kilobytes 
of battery-backed RAM, a real-time 
clock, two serial ports, 14 digital I/O 
lines, eight analog inputs and a + 5- 
volt regulator. The microcontroller’s 
ROM contains Intel’s BASIC-52 in- 
terpreter and Franklin Software’s 
Monitor-51 ; so you can easily develop 
programs in BASIC or assembly lan- 
guage. Power can be any 6- to 16-volt 
dc source, including a 9-volt transistor 
battery, which will add another cou- 
ple of ounces to the total weight . You 
might investigate using solar cells as a 
lightweight replacement for a battery. 
Price is $199 in single quantity. 


If you want to design and make 
your own board, many microcomput- 
er chips are available in surface-mount 
packages. Other surface-mount com- 
ponents, including ICs, resistors and 
capacitors, are also becoming easier to 
find. Even Radio Shack now carries 
surface-mount resistors. Digi-Key and 
Communications Specialists, Inc. are 
other good sources for surface-mount 
components in small quantities. 

Memory Mapping 

Q. My 8052 microcontroller circuit 
has 64K of memory divided into eight 
8K blocks, using a 74LS138 3-to-8-line 
decoder. Is there a way to more min- 
utely break up chip-select lines so that 
more peripherals can be added? 

C.E., Saugus, CA. 

A. Decoders like the 74LS138 are a 
popular way of dividing memory into 
blocks, each with its own chip-select 
line, so that multiple memory ICs and 
other components can be accessed, 
with each at a unique range of address- 
es. The 8052 has 16 address lines that 
permit it to address 64K bytes of mem- 
ory (65,536 bytes, or 2 16 ). A single 
74LS138 divides the memory area in- 
to eight 8K blocks. Figure4 shows how 
a second decoder can be added to di- 
vide one of the 8K blocks into eight 1 K 
blocks, giving eight additional chip-se- 
lect lines. 

The Truth Table shows how the de- 
coders’ inputs control their outputs. 


On the first decoder, Select Inputs A, 
B and C connect to the three highest 
address lines: A13, A14 and A15. For 
each combination of inputs, a unique 
decoder output goes low, with the re- 
maining outputs high. Each combina- 
tion represents an 8K (2000h) block of 
memory; so, for example, any mem- 
ory access from 0 to IFFFh will cause 
Y0 tO gO low. 

The “Y” outputs can be used as 
CHIP-SELECT or ENABLE inputs on 
memory ICs and peripherals. This al- 
lows you to connect a variety of com- 
ponents— RAM, EPROM, A/D con- 
verters, LCD modules and so on — to 
memory, with unique addresses for 
each device. 

One of the outputs on the first de- 
coder in Fig. 4 acts as the enable for 
a second decoder, with its SELECT in- 
puts connecting to aio, All and A12. 
This creates eight more chip selects, 
with each accessing a IK (400h) block 
of memory. The example uses the Yi 
output (2000h) as the second decoder’s 
enable, but any of the outputs could 
be used. For example, substituting Y5 
for Yi would create chip selects at 
AOOOh, A400h, A800h and so on. 

Using decoders isn’t the only way to 
permit more peripherals to be ac- 
cessed. The 8255 programmable peri- 
pheral controller IC gives three addi- 
tional eight-bit ports, accessed with a 
single chip-select (using two lower ad- 
dress lines to distinguish among them). 
Another option on the 8052 is to use 
its capability to access two separate 



Fig. 3. Blue Earth Research’s Micro-440 microcontroller board uses surface- 
mounted components and weighs just 2.5 ounces. 
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64K memory areas, with each accessed 
by a unique control signal (PSEN or RD). 

Muscle Wires 

My final paragraphs don’t answer a 
specific question, but instead describe 
a new way of generating and control- 
ling motion in robots or other me- 
chanical devices. It’s done with shape 
memory wires, or “muscle wires,” 
which have the unusual property of 
contracting in length when electrical- 
ly powered. 

The wires are made of an alloy of 
nickel and titanium. When a wire is be- 
low its transition temperature (70° C 
is typical), it can easily be stretched 
several percent in length. When the 
wire is heated, which is easily done by 
passing a current through it, the wire 
contracts to its previous length with a 
force of more than 40 tons per square 
inch. This is a lot of power, even when 
you consider that a typical wire has a 
diameter of just 0.001 "to 0.01 ". With 
levers and other mechanisms, you can 
use a wire’s contracting force to 
achieve different types of motion. 

Shape memory wires have some 
limitations: they’re inefficient, since 
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The first decoder 
divides the memory 
area from 0 to 
FFFFh into eight 
8K (2000h) blocks. 


Memory accesses from 
2000h to 3FFFh enable 
the second decoder. 


The second decoder 
divides the memory 
area from 2000h to 
3FFFh into eight IK 
(400h) blocks. 
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Fig. 4. Decoders iikethe74LS138candivide an area of memory into blocks, with 
a unique enable or chip-select signal for each block. 
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shape memory wire 
10 centimeters long. 
100-micrometer diameter 


Fig. 5. This circuit from Working with Shape Memory Wires shows a memory-wire 
interface to an 8052 microcontroller. 
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only 5% or less of the energy applied 
is converted into motion, and they 
must be protected from extremes in 
stress, strain and heating. But their ad- 
vantages include a high strength-to- 


weight ratio, large initial force, small 
size, direct linear motion and low op- 
erating voltages. 

Mondotronics, Inc. sells shape- 
memory wires in small and large quan- 
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Torrance, CA 90505 
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FAX: 213-325-8958 

Serial LCD module adapter 

Newark Electronics 

4801 N. Ravenswood Ave. 
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ICs and other components 
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tities and also has a comprehensive, 
practical and clearly written user’s 
manual. The manual describes the 
properties of shape-memory wires, 
shows how to use them and describes 


14 projects, including several unver 
circuits, examples of mechanisms for 
converting the forces into useful work 
and an 8052 microcontroller circuit. 
Figure 5 shows an example from the 
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manual, a memory-wire interface for 
an 8052 I/O port. A sample kit and 
manual sell for $29.90 plus shipping. 

Moving On 

Thanks to all of you who have written. 

I always like hearing about the proj 
ects readers are involved with, and I 
learned a lot in ferreting out answers 
to your wide-ranging queries. 

Send your comments, suggestions and 
questions on topics relating to design- 
ing, building and programming mi- 
crocontrollers and other small, dedi- 
cated computers to Jan Axelson, 
ComputerCraft, 76 North Broadway, 
Hicksville, NY 11801. 


Jan Axelson 
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Review By Joseph Despositoi 


PC-IQ: Plain English 


Ever since DOS, the disk operating system 
for IBM and compatible computers ar- 
rived on the personal computing scene 
more than 10 years ago, companies have 
been creating products to make it easier to 
use. Now a new product from A. I. Solu- 
tions, called PC-IQ , uses a natural lan- 
guage interface in an attempt to make DOS 
easier than ever to use. 

PC-IQ comes with both 3 !4" and 5!4" 
floppy disks, 1 12-page manual, quick-start 
booklet, quick-start card and “Computers 
Made Simple” booklet. The program is de- 
signed for IBM PC/XT/ AT, PS/2 and 
compatible computers, and requires 640K 
of RAM, DOS 2.0 or later and a hard-disk 
drive. PC-IQ has a suggested retail price 
of $99.95. 

About the Program 

PC-IQ takes the sting out of learning and 
using DOS by letting you issue DOS com- 
mands in a more natural way. For exam- 
ple, if you want to format a disk, you don’t 
have to learn the DOS command format 
A:. Instead, you might type: Please pre- 
pare my A disk. If you want to copy files, 
you might type something like: Copy to- 
day’s files from the letters directory tothe 
B drive. A. I. Solutions refers to this meth- 
od of interacting with your computer as a 
natural-language interface. 

Whenever you make a request, PC-IQ 
fulfills it — if it can. If there’s any misun- 
derstanding, PC-IQ provides assistance. 
You never receive an error message like the 
stark “Bad command or file name” that 
DOS provides. Instead, PC-IQ might ask 
you to edit your request or provide you 
with a list of options from which to choose. 

PC-IQ not only provides you with the 
ability to enter DOS commands in plain 
English, but it also provides some power- 
ful utilities. You can unerase previously 
erased files, find a single or related group 
of files on a hard disk, perform DOS op- 
erations on multiple unrelated files, repeat 
previously entered commands and copy a 
long list of files to multiple floppy disks. 
Many of these features are currently avail- 
able either in DOS 5 or through DOS util- 
ities, but it’s a welcome feature in PC-IQ 
when combined with the natural-language 
interface. 

PC-IQ employs a “learn” mode to help 
you learn DOS the standard way, too. In 
other words, PC-IQ translates any requests 
you make into standard DOS form and dis- 
plays them on-screen. You can leave this 
feature on or turn it off. PC-IQ also works 
in a Point-and-Shoot mode, where you 


DOS with Power, Too 



Fig. 1 . PC-IQ’s opening screen displays a series of dialog (top), information (center) and 
status (bottom) windows. 


pick commands from a menu and select di- 
rectories and files from a list displayed 
on-screen. 

PC-IQ is written in Prolog and comes 
standard with an extensive, though limit- 
ed, vocabulary. If you want, you can add 
to its vocabulary at any time. For exam- 
ple, you may want to use a word like “ob- 
literate’ ’ instead of “erase. ’ If you hate to 
type, you may want to replace “FOR- 
MAT” with “FO.” 

An editor is part of the PC-IQ package. 
With this, you can create and edit any 
ASCII file. This feature is more useful to 
those who use older versions of DOS, 
where EDLIN is the only editor available. 

To help you learn how to use PC-IQ , 
A. I . Solutions provides a disk-based tutor- 
ial called the PC-IQ Quick Tour. If you 
need an entertainment break, A. I. Solu- 
tions provides an entertainment mode. 
Trivia games, famous phrases and inter- 
esting facts are available when you press 
the Ait-T key combination. 

PC-IQ does have some limitations. The 
program doesn’t support all the DOS com- 
mands. Such commands as backup and 
restore aren’t supported. Also, you 
can’t always use strict DOS syntax. PC-IQ 
has the ability to recognize backslashes, 
but not in all cases. PC-IQ isn’t a LAN 
product. (A. I. Solutions anticipates releas- 
ing a PC-IQ LAN version in the near fu- 
ture.) You can run PC-IQ on a PC con- 
nected to a LAN, but you can’t access in- 
formation on the server. Finally, PC-IQ 
isn’t able to perform more than one task 


at a time, which means you can’t tell it to 
do a couple of things at once. According 
to A. I. Solutions, future versions will ad- 
dress this shortcoming. 

Installation & Use 

Installing PC-IQ is simply a matter of run- 
ning an install program and following di- 
rections that appear on-screen. Oddly 
enough, the PC-IQ Quick Start Booklet 
gives no installation instructions. The in- 
structions are in the main PC-IQ manual. 
When I installed the program, it used 
1,600,160 bytes of hard-disk space. 

PC-IQ is a memory-resident program. 
When you use PC-IQ to run an application 
program, it uninstalls itself automatical- 
ly so that it takes up only 5K of conven- 
tional memory. When you quit an applica- 
tion, PC-IQ installs itself again. 

When you start PC-IQ , a screen like the 
one shown in Fig. 1 appears. The top part 
of the screen is called the dialogue window 
and this is where you enter commands. 
Farther down is the information window, 
which contains directory information, disk 
statistics and function-key commands. At 
the bottom of the screen is the status win- 
dow, which provides the date, current di- 
rectory and time. 

I began using PC-IQ without reading the 
manual. My first command, Start Word- 
Perfect, worked flawlessly. My second 
command. Start 1 -2-3 didn’t. It caused two 
items to appear on-screen: a message “I 
should run” and a box filled with program 


58 / COMPUTERCRAFT / February 1992 


Say You Saw It In ComputerCraft 





DATABASE MANAGER 

Please select the database to work with fro* the Menu. 



Fig. 2. PC-IQ’s database management screen. 


names. One choice was “Lotus 123.” I 
found out later that PC-IQ doesn’t like the 
hyphenated form “1-2-3.” An interesting 
point about PC-IQ is its disdain for mis- 
spelled words. If you type Start Word- 
Perfect, PC-IQ doesn’t make an educated 
guess about what you want to do. Instead 
it displays on-screen a box of alternative 
program names. 

When I asked PC-IQ to start OrCAD , 
the pop-up box didn’t, not surprisingly, 
contain the program. I was forced to read 
the manual to find out how to add program 
names to the PC-IQ vocabulary. Another 
problem I encountered was that PC-IQ 
selected one of OrCAD's program files as 
Microsoft Excel , a program I didn’t have 
on my hard disk. 

When I tried to copy a 363K file to a 
360K disk. PC-IQ suggested that I use the 
DOS backup command instead and went 
so far as to provide the correct DOS syn- 
tax. PC-IQ provides the correct syntax be- 
cause it can’t perform the DOS backup 
command. If you try to use this command, 
PC-IQ displays: “I do not know how to 
do this command yet. You may get help 
from my help system.” 

I began to have some success with PC- 
IQ when I tried to copy a directory of files 
to a floppy drive. I typed: Copy all files to 
the B drive. PC-IQ did this, and when the 
floppy disk was full, PC-IQ requested 


another disk — a helpful feature. In con- 
trast, DOS normally gives an error mes- 
sage, indicating that the disk is full and 
then aborts the copy command. 

PC-IQ can assist you with using DOS in 
many ways. For example, it can help you 
format diskettes correctly. With plain old 
DOS, if you place a double-density disk in 
a high-density drive, you must add 


switches to the format command. For in- 
stance, to format a 720K disk, you must 
enter a command similar to: FORMAT 
A:/N:9/T:80. 

With PC-IQ , you simply type FORMAT 
THE A DISK or any similar English-lan- 
guage command. PC-IQ then prompts you 
for the disk capacity by displaying on- 
screen the message: “Use size 720K or 


Snooper Disassembles 
And Generates Annotated 
Source Code, Enabling You To 
Modify Any Program 
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Snooper takes any COM, EXE, 
or SYS file and turns it into 
assembly language source code. 

That's not so unique, but Snooper 
is an intelligent disassembler that 
automatically comments the code 
and labels jump targets. 

Patcher Included 
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assembles your changes and shows 
them on screen before writing your 
patches to disk. For more extensive changes, Snooper produces 
code fully compatible with Microsoft MASM. 

Snooper interprets all instructions for the 8086-386 and 8087- 
387 processors. It identifies interrupt calls and port addresses. 

Snooper is certainly the best way around to make changes to 
software when you 
don’t have the 
source code. Order 
Now. Cat. #SNFR, 

$69 ($5.50 S&H). 


Add Fast, Reliable Tape Backup Capability — Up To 120MB- 
Your Notebook, Laptop or Desktop PCs! 
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Serving Computer Users Since 1982 


MW! 

Breakthrough Tape Prive 
Connects To Parallel Port 

Adding a tape backup has never been this easy. Imagine 
attaching a high speed tape backup drive to your laptop or 
notebook in just 30 seconds. Or use a single tape drive to quickly 
and easily backup all the PCs in your office. 

The new Backpack tape drive connects to your PCs parallel 
printer port. Your printer then plugs into the back of the tape 
drive. There are no interface cards to install, you never even open 
your computer. Backpack drives transfer data at the same speed 
as internal “floppy tape” drives. 

Backpack tape drives use standard DC2000 tape cartridges 
and are available in both 40MB and 80MB models. Long length 
tapes are available to boost the capacity to 60MB or 120MB. Use 
the included data compression software to double the storage 
capacity of each tape. Its compact 3.5 inch form factor makes it 
ideal for both desktop and portable PCs. 

Stop shuffling floppies to backup your hard disk. Tape backup 
is fast and reliable, allowing you to ensure the safety of your 
programs and data and get back to work fast. Order your 
Backpack tape drive today. 

• Backpack 40MB Tape Drive, $499, Cat. #BACPT40. ($6.50 

• Backpack 80MB Tape Drive, $599, Cat. #BACPT80. S&H) 

Also Available: 

Floppy disk and hard 
disk drives. All connect 
through your parallel 
printer port. Call for 
details. 


45 Day Money Back Guarantee 

1 • 800 * 456*41 23 

Toll Free From USA & Canada 

(805) 524-4189 • 24 Hour FAX: (805) 524-4026 
330 Central Avenue • Fillmore, CA 93015 
Visa • MasterCard • AMEX • Discover • COD. 
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1 .44M ? ’ ’ The prompt even supplies a hint 
about the capacity of the disk by display- 
ing “one hole in right corner’’ for a 720K 
disk. If you have a 5%" drive, PC- IQ of- 
fers five options: 360K, 1.2M, 160K, 180K 
and 320K, explaining that all but the first 
are for older versions of DOS. 

One thing to keep in mind, if you already 
know some DOS commands, is that PC- 
IQ accepts most standard DOS com- 
mands , as well as those entered in English . 

You can’t customize PC-IQ from the 
main screen. To do this you must issue the 
command: Run dbmanage. This starts the 
Database Manager program shown in Fig. 
2. With the Database Manager, you can 
add information to any of the PC-IQ 
databases. I had to read the manual to 
learn this. I also had to read the manual 
to find out how to bring up the built-in 
editor, which comes up automatically 
when a command like Create or Open is 
entered. 

Like many other DOS utilities, PC-IQ 
is great for house-cleaning (a term that re- 
fers to the process of every so often eras- 
ing from hard or floppy disks files that 
aren’t needed). Rather than typing a com- 
mand for every file you want to erase, PC- 
IQ lets you tag (point to) the files you want 
to get rid of and then erase them all at once. 

The documentation supplied with PC- 
IQ is well-written and illustrated. I found 
that we had to read all of the documenta- 


tion before I could get the program to do 
everything I wanted it to do. The quick- 
start card is also recommended reading so 
that you know the best ways to enter com- 
mands in the dialog window. 

Conclusions 

PC-IQ is a natural-language interface for 
DOS. As such, it gives you the ability to 
issue basic operating-system commands in 
plain English on an IBM or compatible 
computer. Plain-English commands can 
be used only for DOS, however. As soon 
as you enter an application program, such 
as WordPerfect , you must enter com- 
mands in a different way. This is a draw- 
back for PC-IQ , a drawback that other 
kinds of user interfaces, particularly GUIs 
(graphical user interfaces), are trying to ad- 
dress. It seems that the logical next step for 
A . I . Solutions is to provide a natural-lan- 
guage interface for popular applications 
like WordPerfect and Lotus 1-2-3. 

To use PC-IQ successfully, I had to read 
all the documentation, something I don’t 
like to do and something other users may 
not want to do, given the thrust of the pro- 
gram (using plain-English commands). To 
lessen the need for documentation, A. I. 
Solutions should consider adding a “Mod- 
ify Program’’ choice to the opening menu, 
as well as a choice for entering the Editor. 

Overall, though, A. I. Solutions has 
made a noble attempt to shield users from 


learning DOS commands and syntax. The 
program’s ability to understand English 
equivalents of DOS commands and its 
built-in DOS utilities make it a worthwhile 
product right out of the box. And PC-IQ 
becomes even more valuable if you spend 
the time to modify it to suit your (or an- 
other user’s) DOS habits. If you or some- 
one you know is having problems with 
DOS, PC-IQ can be an effective and af- 
fordable solution to those problems. ■ 


Fact Box 


PC-IQ 1.0, $99.95 
A. I. Solutions 
58 Creekview Dr. 

P.O. Box 128 

West Seneca, NY 14224 

800-677-6670 

Requirements: IBM PC/XT/AT, PS/2 
or compatible computer, 640K RAM and 
hard drive. 


Ratings 


Documentation Excellent 
Graphics Text based 

Learning Curve Easier to learn than 
DOS, but manual is 
needed 

Complexity Provides standard 

and extended DOS 
commands 
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PROFESSIONAL CIRCUIT DESIGN 


QiCAD 



Save time and money! 

QiCAD is a full-featured 
printed circuit layout package 
that gives you everything you 
need to design circuit boards 
quickly. 

• ON-LINE HELP 

• AUTOROUTER 

• POWERFUL EDITING 

• HPGL7DMPL PLOTS 

• GERBER 

• POSTSCRIPT 

• EXCELLON (DRILL) 

• EGA / VGA compatibile 


$195.00 complete price 



601 S. Maine St. Suite D 
Fallon, NV 89406 

(702) 423-1653 (702)423-1654 FAX 




COMPUTER SHOW 
SCHEDULE 

WHOLESALE PRICES - OPEN TO THE PUBLIC 

SAVE $1.00 OFF ADMISSION WITH THIS AD! 

Jan. 25-26 
Sat. 10-4 
Sun. 10-3 

MARLBOROUGH, MA - ROYAL PLAZA 

1-495 Exit # 24-B - 1 mile on right 

600 Tables - BIG TWO DAY SHOW I 

FEB. 1 

Sat. 10-4 

WM. PATERSON COLLEGE - WAYNE, NJ 
400 Tables - Near 1-80 & 1-287 & Ftte. 46 

FEB. 15-16 
Sat. 10-5 
Sun. 10-4 

EDISON, NJ - RARITAN CENTER EXPO 

1 ,000 Tables - 100,000 Sq. Ft. of Space 

NJ Turnpike Exit #10 -Bigger than Trenton 

FEB. 22 

Sat. 10-4 

WOBURN, MA - North of Boston-600 Tables 
Full Hall-800 Tables - Off 1-95 & 1-93 

MAR. 14 

Sat. 10-4 

FAIRFAX, VA - PATRIOT CENTER-Nr DC 

Off 1-495 - 250 Tables - Geo. Mason Univ. 

MAR. 15 

Sun. 10-3 

VALLEY FORGE, PA - CONVENTION Ctr. 
Philadephia Area - PA Tpke. -400 Tables 

KGP 

PRODUCTIONS, INC. 

SHOW 

OFFICE: (800) 631-0062 


60 


CIRCLE NO. 113 ON FREE INFORMATION CARD 


CIRCLE NO. 120 ON FREE INFORMATION CARD 




Fall COMDEX Show Views 


Two monthly columnists offer their views on the 
largest computer trade show in the U.S. 


View 1: What’s Hot 
& What’s Not 

As do many of those working in the com- 
puter trade press, I attend both the Fall and 
Spring COMDEX trade shows every year. 
In the past, I’ve generally written at least 
one column a year on what I found inter- 
esting at the show. While this past COM- 
DEX/Fall in Las Vegas was the biggest 
computer show in the US, with more than 
1 ,900 exhibitors and a claimed attendance 
of about 130,000 people, I found the trends 
developing in the industry to be more in- 
teresting than specific products. Here’s my 
analysis of how I think they’ll impact on 
the way you’ll be using computers over the 


next few years. I have to be honest, though, 
and warn you up front that I disagree with 
a lot of industry “pundits’' about what’s 
“hot” in the computer industry. 

Exhibitor displays showed just the latest 
in boards, drives and software. Lots of new 
notebook PCs were being displayed, quite 
a few desktop units as well. Many were in- 
teresting, but certainly not earthshaking. 
What did garner a lot of attention were five 
specific areas: pen-based PCs, multimedia, 
networking, Windows - based software and 
Apple’s newest Macs. 

Pen-Based Computers 

More than a dozen vendors were demon- 
strating pen-based computers, and several 


others were showing prototype systems be- 
hind closed doors. Though only a few of 
these systems are actually shipping at the 
time this is being written (early November), 
many in the computer press are predicting 
this will be the next great wave in comput- 
ing. Frankly, I can’t see what all the fuss 
is about. I’m sure that pen-based systems 
will sell very well because they’re perfect 
for applications that require forms to be 
filled out. But these systems appear to be 
best used in highly vertical applications, 
not general-purpose computing. 

Handwriting may be the most natural 
way to interface with a computer, but few 
of us have all that much difficulty using a 
keyboard and mouse that we’d spend the 
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extra money for a pen PC. Additionally, 
the pen-based systems coming to market 
must be extensively trained to recognize an 
individual’s handwriting. The ones I saw 
weren’t that accurate, even after training. 
Over the next couple of years, pen-based 
systems may become as common as com- 
puterized cash registers, but I think it will 
be quite a while before they find their way 
into general-purpose use. 

Multimedia 

Multimedia was another hot area at the 
Fall show. A special area was set aside for 
vendors of multimedia products at one of 
the hotels. Multimedia takes the already 
available digital sound and video a step 
further. The multimedia standard estab- 
lished by Microsoft includes stereo sound, 
MIDI , video standards and a CD-ROM in- 
terface. Products designed for multimedia 
require these resources (or at least most of 
them) on the system with which they’re be- 
ing used, accessing these resources through 
recently-released Windows multimedia 
extensions. 

I have to admit that for something still 
in its infancy, the multimedia products I 
saw displayed were impressive. Not only 
were there encyclopedias with moving 
video clips and sound attached to the en- 
tries, but there were also some dynamite 
database systems that contained digitized 
photos and voice annotations. Most of the 
multimedia software available or an- 
nounced deals with information resources 
or presentation graphics. All major presen- 
tation packages like Microsoft’s Power- 
point, IBM’s Storyboard Live! and others 
support the multimedia standard, letting 
you build into your presentations music 
and scanned and captured images. 

The technology is impressive and very 
effective. But before you run out to turn 
your system into a multimedia PC, there 
are a few things to think about. The most 
important first — Multimedia isn’t cheap! 
It requires high-speed VGA video and a 
stereo sound board like Creative Labs’ 
SoundBlaster Pro or Ad Lib’s Gold board. 
To get the most from multimedia, you 
should also have a CD-ROM drive (both 
boards mentioned above, as well as several 
other available ones, provide a built-in in- 
terface for CD-ROMs) and perhaps a vid- 
eo frame grabber. 

The MPC standard specifies a fast 286 
as the base multimedia system, but all dem- 
onstrations I saw were done on a fast 386 
or 486 PC. I’m very skeptical about how 
well many of these applications would have 
run on a 12-MHz 286. 

Building a good presentation is far from 
easy, even with the excellent existing tools. 
Making a presentation a multimedia one 
entails a great deal more work. If you’re 
considering multimedia for your own 


demonstrations or presentations, be pre- 
pared to spend many hours in constructing 
even a simple minutes-long presentation. 

Yet, there’s little doubt that multimedia 
will be successful. All component pieces 
are in place, and the centerpiece of multi- 
media, CD-ROM, has finally taken off. 
Plenty of CD-ROM drives are available for 
as little as $450, and prices will drop even 
more this year. I have several drive/ROM 
packages that I’ve been using for several 
months now. They’re all excellent bar- 
gains. To get a good idea of the wealth of 
CD-ROMs available, give the Bureau of 
Electronic Publishing (Parsippany, NJ) a 
call at 800-828-4766. This outfit stocks 
most currently available CD-ROMs and 
drives. Its 177-page catalog isn’t only a 
testament to the health of the CD-ROM in- 
dustry, but it makes fascinating reading. 

Multimedia requires multimedia exten- 
sions to Microsoft’s Windows operating 
environment, and Windows was a big part 
of the show. Software developers like Win- 
dows; it frees them to write applications 
to a set of interfaces called APIs (Applica- 
tion Program Interfaces), rather than hav- 
ing to include drivers for every conceivable 
type of video adapter and printer. Drivers 
for these devices are included as part of 
Windows and are updated easily when 
higher-resolution video and more ad- 
vanced printers become available. 

Not only was there an ever-increasing 
number of Windows- based applications 
on display this year, Microsoft was also 
showing off the next generation of Win- 
dows technology, WindowsNT. The first 
software-developer kits are going out now. 
However, NT technology is still a year or 
so from being released. So it’s a bit early 
to start describing features Microsoft has 
implemented. Lots can change in a year. 

Of more immediate interest is the forth- 
coming upgrade to the current Microsoft 
Windows product — Windows 3.1.1 had 
expected to be able to update you on this 
product this month, but Microsoft pushed 
back the release date and I can’t be sure 
that I won’t be violating non-disclosure. 
So tune in next month if you’re a current 
Windows user (or have been thinking 
about getting Windows ). 


Operating Systems 

One thing that’s starting to become obvi- 
ous is the operating system and processor 
wars shaping up. IBM is positioning the 
new version of OS/2 as the operating sys- 
tem of choice, while Microsoft pushes MS- 
DOS/ Windows NT. Neither has been de- 
livered yet, but the lines are already being 
drawn. Just to muddy the waters further. 
Novel’s acquisition of Digital Research, 
the developers of DR DOS, makes this al- 
ready excellent substitute for MS-DOS an 
even stronger contender. And if all of this 


wasn’t confusing enough, there’s the new 
Apple/IBM partnership to promote IBM’s 
RISC-based PowerChip CPU technology 
and develop a new object-oriented oper- 
ating system to run on it. 

Windows 

In the real world in which you and I live 
(and use PCs), I don’t see that all this gee- 
whiz operating-system technology will 
have that much immediate impact. Most 
of us will still use MS-DOS (though up- 
grading to DOS 5.0 is a good idea if you 
haven’t already done so) and Windows is 
popular. Windows by itself isn’t the pan- 
acea that Microsoft would have everyone 
believe, though the 3.1 version does ad- 
dress some of the performance complaints 
of the earlier version and improves 3.0’s 
so-so Program Manager. 

What makes Windows (and the upcom- 
ing Windows NT) so attractive are the mul- 
titude of applications that require it — not 
only the new multimedia and graphics ap- 
plications, but even such tasks as word pro- 
cessing. I stuck with my old standard 
WordStar 4.0 for years, not even bother- 
ing to upgrade (the current version is 6.0). 
In the last year, though, after hundreds of 
articles, columns, reviews and even a book, 
I switched to Word For Windows and 
never looked back. 

In recent months, I’ve been looking at 
other Windows- based word processors, 
such as WordStar For Windows, AmiPro 
2.0 and WordPerfect For Windows. All 
are terrific packages. 

Word processing is an intensely visual 
task, and the mouse-driven, pull-down 
menu WSIWIG (What You See is What 
You Get) approach makes better sense 
than playing with awkward control- and 
function-key combinations and guessing 
what the document will look like when 
printed. OS/2.0 is a complete and complex 
operating system, and the IBM/Apple 
“Pink” operating system promises to be 
very powerful when delivered in several 
years. But it’s aimed at the corporate user, 
not particularly you and me. 

CPUs 

Of more immediate import are the CPU 
wars that are shaping up. I’ve commented 
on several aspects of this in past columns, 
such as Advanced Micro Device’s 
(AMD’s) faster clone of the Intel 386. Now 
Cyrix and Chips & T echnologies are ship- 
ping 386 CPUs, and each is touting im- 
proved performance over Intel. Intel has 
moved on to the 486 area, plugging its 
486SX CPU (a standard 486DX CPU with 
the built-in numeric coprocessor disabled). 
New versions of this CPU were being 
shown at the show: a slower 16-MHz ver- 
sion and a faster 25-MHz version. 
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The 486SX never made all that much 
sense to me to start with. Bringing out a 
slower version of this CPU makes even less 
sense. What did impress me were Intel’s 
new dual-speed 486 CPUs that run at a fast 
internal speed and a slower external speed. 
The one I saw demonstrated ran at an in- 
ternal speed of 50 MHz and an external 
speed of 25 MHz. This technique lets you 
use the CPU with a slower motherboard 
design but obtain greatly increased perfor- 
mance on computationally-intensive ap- 
plications. 

Hardware 

In the hardware area, by the way, the 286 
is just about dead. Not only are 386SX 
systems available for very little additional 
money, but these 386 systems now come 
with motherboard RAM caching to boost 
performance. With 386SX system prices 
so low, it no longer makes sense to buy in- 
to 286 technology. This is especially so if 
you intend to run Windows , which really 
needs about 3M of RAM and a 16- to 20- 
MHz 386SX CPU to run any faster than 
molasses on a cold day. And WindowsNT, 
when available, won’t run at all on a 286 
CPU; it’s strictly a 32-bit operating en- 
vironment. 

What’s hot this year, and for good rea- 
son, is upgradable system designs. The 
ones I’ ve seen that make the best sense are 
active backplane designs that have most of 
the support circuitry, video, I/O and disk 
controllers on the motherboard and use a 
plug-in board that contains the CPU, sys- 
tem RAM cache and memory. To upgrade, 
you just unplug one CPU/memory card 
and replace it with a new one. 

Active-backplane designs place user 
RAM and cache memory on the CPU card 
because moving from a slower CPU to a 
faster one necessitates having faster main 


View 2: A Feast of 
Technology 

Comdex, the computer industry’s fall ex- 
travaganza took over Las Vegas and filled 
its exhibit halls with a feast of technology 
for dealers, manufacturers, computer 
users and the press. There was nothing rad- 
ical or unexpected shown this year, despite 
claims of exhibitors that their products 
were the latest and greatest. This was a time 
for showing products that had been pre- 
dicted and discussed for a long time before 
the show opened. 

Fall Comdex 1991 was divided into three 
parts: the Main Conference, the Multime- 
dia Conference and the Network Comput- 
ing Conference. This division provided a 


RAM. Other modular designs based 
around replacing just the C PU require that 
the motherboard be initially populated 
with very fast main RAM, just in case you 
eventually upgrade to a fast processor (or 
have a design that slows down a fast CPU 
when performing RAM accesses, some- 
what negating the advantage of upgrading 
to a faster processor). 

Networks 

Networking was also a big deal at this 
year’s Fall COMDEX, with the Mirage ho- 
tel set aside for vendors of network hard- 
ware and software. The big news was Nov- 
el Lite, a peer-to-peer network from the 
biggest name in networks. Peer-to-peer 
networking doesn’t require use of a dedi- 
cated file server and is well-suited for 
smaller networks. 

Artisoft’s LANtastic is the best known 
peer-to-peer network, and Novel Lite is 
meant to compete head on I haven’t had 
a chance to play with Lite yet, but since it 
isn’t upward-compatible with Novel’s oth- 
er NOS (Network Operating System), I 
can’t see the advantage it offers over the 
more mature and stable LANtastic. 

Apple 

The last big deal at Fall COMDEX con- 
cerned Apple Computer, which introduced 
three new families of systems. These con- 
sisted of a completely new line of note- 
books that are much more reasonably 
priced than the unsuccessful Mac Portable; 
two tower systems named the Quadra 700 
and Quadra 900 (the Quadra 900 uses 
Motorola’s 68040 CPU, the same one used 
in the latest NeXT machine); and a brand- 
new version of the Mac Classic called the 
Classic II. 

The Classic II looks identical to the 


original Mac and updated Classic released 
last year, but it uses the very powerful 
68030 CPU. The Classic II will supersede 
the popular SE/30. With these newest 
models and aggressive pricing, Apple has 
a real shot at making some impact in the 
business market. 

Of course, there are lots of things that 
are — and will continue to be— hot, even if 
they didn’t make a big splash at COM- 
DEX. These include modem/fax boards, 
now available for less than $200, laser 
printers (you can expect to see a less- 
than-$500 street price laser this year) and 
mass storage. IOmega has an external Ber- 
noulli Box that offers 90M of storage on 
5" removable cartridges for less than 
$ 1 ,500, and there is a whole bunch of in- 
expensive 128M re- writable optical drives 
coming to market. Even IBM is upping the 
ante with a doubling of 3 /" floppy drive 
capacities to 2.8M. And a new high-reso- 
lution video standard of 1,024 x 768 is 
becoming popular, as are inexpensive 
9,600 baud modems. 

There are always going to be gee-whiz 
demonstrations of state-of-the-art technol- 
ogy, such as advanced operating systems 
and active-matrix color displays on note- 
books. What’s really exciting to me, 
though, is how quickly the state of the art 
becomes commonplace. It looks to be an- 
other interesting year ahead. 


— Ted Needleman 
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concentration of products and seminars 
that enabled attendees to learn more about 
each subject. 

Pen Computers 

One of the subjects shown in the main con- 
ference was new developments in pen com- 
puting. Both Microsoft and GO Corp. 
showed beta versions of their pen-based 
systems. Microsoft had a separate booth 
to display the products of licensees of the 
Microsoft Windows For Pen System. The 
other pen-based operating system is Pen 
Point from Go Corp. However, many ma- 
chines introduced at Comdex will run ei- 
ther system at this time, but once the 
market decides upon the winner, it’s as- 
sumed that machines will be designed to 


use the dominant system. 

At Comdex were machines from Grid 
Systems Corp., Dauphin Technology, Mi- 
croslate, NCR and Samsung. I used several 
of these pre-production units and feel that 
they have a long way to go before they’re 
salable products. It takes a lot of learning 
to be able to use the ‘ ‘pen” as an input de- 
vice, and proposed applications could have 
been better executed by standard notebook 
computers. 

Most applications were “blue-collar” 
systems — check-off lists for meter readers, 
inspectors and inventory takers. I doubt 
if companies will be willing to spend thou- 
sands of dollars to buy pen computers 
when identical jobs can be done much 
cheaper and easier on laptop or notebook 
computers. 
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The Momenta can function as a pen-based PC or, with an optional 
keyboard, as a standard notebook computer. 


NOW YOU’RE 
TALKING! 

The Code-Free 
Ham License is Here 

Enjoy all Amateur Radio privileges 
above 30 MHz without having to pass 
a code test. All you have to do is pass 
a 55-question exam on basic radio and 
the FCC regulations. ARRL’s new 
book, Now You’re Talking makes 
understanding what is required on the 
test a snap! And there are exams given 
all over the country every weekend. 



Just think how much fun you’ll have 
communicating through repeaters, 
enjoy Sporadic E skip and worldwide 
communications on six meters when 
conditions are right. There’s satellite 
communication and you can even talk 
to Astronauts and Cosmonauts in orbit. 
Enjoy friendly local communication 
both direct and through repeaters. Help 
with disaster drills and the real thing! 
Sound like fun? It is! Order your copy 
of Now You’re Talking below: 
Enclosed is $19 plus $4 for shipping 
(a total of $23) or charge $23 to my 
( ) VISA ( )Mastercard ( ) Discover 
( )American Express 


Signature 

Acct. No 

Good from Expires 

Name 

Address — 


City State Zip 


TH^ AMERICAN RADIO RELAY LEAGUE 
225 MAIN STREET 
NEWINGTON, CT 06111 


Also shown was the Momenta Comput- 
er, a new start-up. This hybrid machine 
comes with a keyboard, as well as an elec- 
tronic pen, and can run Windows as well 
as the proprietary pen-based system. De- 
signed to sell at $4,995, it’s intended for 
use by executive staff, rather than blue- 
collar workers. This new machine goes 
against the established pen-based comput- 
ing development companies, but its fea- 
tures may create a niche for it. 


Hardware & Chips 

Literally thousands of MS-DOS machines 
were exhibited at the show, ranging from 
floor-standing tower computers to pizza- 
box and brick-sized models and some oth- 
ers that were completely contained in the 
keyboard case like the old TRS-80. There 
were hundreds of lightweight notebook 
computers, including some with full-color 
video display screens. 

The 386DX microprocessor seemed to 
be on the endangered list with 386SX and 
80486X CPUs replacing them in the near 
future. The 386SX has become the stan- 
dard low-end computer, selling for as low 
as $950 for a complete system. Talking 
with a major importer of computers, I was 


told that one of his retailers had sold 1 ,500 
computers over one weekend. These were 
386SX computer systems with high-capa- 
city hard drive and both 5 / " and 3 X A “ high- 
capacity floppy drives, 2M of RAM, col- 
or VGA and MS-DOS and an integrated 
software package, for a complete system 
price of $995. Wow ! 

This Comdex was a showcase for devel- 
opments in the field of microprocessor and 
LSI products . AMD’s 40- and 50-MHz 386 
CPU chips were optional on many exhibi- 
tor’s computers. The label ‘‘Intel Inside” 
was also displayed on the same manufac- 
turers’ 33-MHz machines, but they con- 
tinue to offer AMD’s chips running at 40 
MHz. The 486 CPU is offered, but empha- 
sis is on still on high-speed 386 processors. 

Chips & Technologies introduced its 
PC/CHIP™ single-chip PC designed for 
Palm Tops and even smaller computing 
systems. Mounted in a single 160-pin in- 
tegrated circuit, the PC/CHIP 8680 single 
chip PC implements a 3-MIPS 8086-com- 
patible microprocessor running up to 14 
MHz, IBM XT equivalent logic, CGA- 
compatible flat-panel/CRT controller, 
serial port and built-in power manage- 
ment. With the PC/CHIP device, manu- 
facturers are now able to build ultra-low- 
cost entry-level PCs, diskless worksta- 
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tions, palm-top computers and embedded- 
controller systems. 

Chips & Technologies also showed its 
Super 386 DX and SX chips and coproces- 
sor chips for 386 and 486 enhancement. Its 
super math and VGA co-processors will be 
made available to the general public 
through distribution agreements signed 
with major distributors. For those engaged 
in building embedded computer systems, 
the C&T Chips offer a fast, low-cost meth- 
od for making an MS-DOS computer. 

Telecommunications 

In the communications field, Comdex de- 
voted an entire exhibit to networks, in- 
cluding LANs, wireless LAN interconnec- 
tion and modems. Seen everywhere were 
fast 9,600-bps modems. The Twincom 
96/42 Datamodem selling for $299 (I dis- 
cussed it last month) received the Comput- 
er Shopper Best Buy Award. 

Motorola’s Altair Wireless LAN trans- 
mitters and receivers were of great interest 
to show attendees, and HP showed one of 
its HP 95 Palm Tops connected to a Mo- 
torola r-f modem unit for connection 
through the cellular-phone network. Sky- 
Tell, the pager giant, displayed its nation- 
wide paging system that connects to a lap- 
top computer . This is all part of the devel- 
oping revolution in data communications, 
which will extend to use of wireless data 
movement. However, data will never com- 
pletely abandon the fiber-optic network 
because of the need for a wide graphics 
bandwidth. 

If you’ve ever gone to a art exhibit in one 
of our great museums or attended a theatre 
that had earphones for the hard of hear- 
ing, you might have had contact with high- 
resolution infra-red (IR) communications. 
Infralink of Germany exhibited its IR 
LAN transceivers for infra-office data 
communications. In this system, there’s an 
IR transceiver connected to each computer 
or peripheral. The IR beam is reflected 
from the ceiling so that the entire network 
operates without wire connection. While 
this system is very practical and has enough 
bandwidth for any data transmission, it 
will have a hard time competing with r-f 
wireless, carrier-current and telephone 
systems in this country. 

Apple 

Apple Computer, long absent from Com- 
dex, returned with a complete range of new 
machines, extending its line from the Mac- 
intosh Classic to the mighty Tower Quadra 
900. The most appealing Macintosh com- 
puters are the new Power Book laptops. 
Apple has finally come out with a laptop 
Macintosh with all the features anyone 
would want in a laptop. Housed in an er- 
gonomically designed package, it will fit 
in half of your attache case and weighs in 


DO YOU HAVE OVER 25 PERSONAL COMPUTERS? 
DO THEY EVER BREAK? 

THEN WE CAN SAVE YOU BIG BUCKS! 


HOW? By coing the following: ■ Reduce Downtime ■ Cut Inventory Cost 

■ Cut Actual Repair Time 

■ Increase Technician’s Job Satisfaction 


These drives 
cost $120 to re- 
place You can 
fix 90% of them 
with a ten min- 
ute adjustment. 



NAC TEACHES TECHNICIANS ADVANCED 
HANDS-ON REPAIR AND MAINTENANCE 
OF PC AND PS/2 HARDWARE NOVELL 
NETWORKS, AND PRINTERS. 


This PS/2 Monitor could cost you $40 
or less to repair. Are you currently 
paying $300 to get this repaired’ 



Laser printer 
problems can 
cost you $350 
per visit. Let 
us show you 
how to do 
your own ser- 
vice for under 
$ 20 ! 


For More Information Call: 

_J| National 
Hi I Advancement 
III Corporation 

2730-J South Harbor Blvd 
Santa Ana CA 92704 


National 

California 


800-832-4787 

800-443-3384 
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SURVEILLANCE 


COUNTERSURVEILLANCE Electronic Devices Catalog. ..$5. 00 
Miniature Surveillance Transmitter Cits.. $39.95 PP d. 
Voice Changers, Phone Scramblers, Vehcle Tracking, Phone 
Recording Systems, Bug & Phone Tap Betectors, & More! 


CALL IDENTIFIER displays callers phone number, stores 
phone number with date & time of call...$59.95ppd. 


GOG P.O. Box 337, Buffalo, NY 14226 (716) 691-3476 


TEST EQUIPMENT 

Oscilloscopes • Multimeters 
Function Generators • Frequency Counters 
Power Supplies • Video Head Testers • Etc. 

Since 1972 CALL OR WRITE FOR OUR FREE CATALOG 

BRUNELLE INSTRUMENTS INC. 

P.O. Box 1223 • Newport Vermont 05855 
Tel. 1-800-567-3506 Fax: 1 -81 9- 569- 1408 



REMOVE 

HARDWARE LOCKS 


PROTECT YOUR INVESTMENT! 
MAINTAIN PRODUCTIVITY! 

Software utility that allows for 
the removal of hardware locks. 

Avaiable for most major 
CAD/CAM and PCB 
software programs 

Easy - Simple - Guaranteed 

Programs start at $99.00 U.S. 

Visa and Mastercard Welcome 
Call or Fax for more Information 

SafeSofl Systems Inc. 

202-1100 Concordia A ve. Phone <204)669-4639 

Winnipeg, Mb. R2K 4B8 FAX (204) 668-3566 

Canada 
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B.S. & M.S. 

In Computer Science 


• ALL COURSES BY CORRESPONDENCE 

• Increase your earning power 
•Join students from leading 

computer companies 
•Ada course available 
For free information call 
1 - 800 - 767-2427 


AMERICAN 

INSTIT UTE 

COMPUTER 

SCIENCES 


B.S. & M.B.A. 

In Business Administration 

A Chadwick University degree program can help you 
achieve a more successful future: 

• B.S. and M.B.A. programs in Business Administration. 
•ALL COURSES BY CORRESPONDENCE, 

• Join students from Fortune 500 companies. 

• increase your earning power. 

Call for our free bulletin: 

1 - 800 - 767-2423 

C 1991 Chadwick University 


CHADWICK 

UNIVERSITY 
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at 5.1 to 6.8 pounds. The keyboard of each 
Power Book is set toward the rear of the 
cabinet panel, giving the user enough room 
to comfortably rest his wrist while using 
the built-in trackball. 

Apple has featured System-7 capabili- 
ties, including network and file-sharing 
capabilities in each Power Book machine. 
There’s also Appletalk Remote Access 
software to provide interconnection be- 
tween the Power Book, another Mactin- 
tosh and an Appletalk network via mo- 
dem. This provides the user of the system 
with remote access to the office network 
from any telephone. 

The Power Book Model 100 uses a 16- 
MHz CPU and 2M to 8M of RAM and has 
a battery time from 2.5 to 4 hours. The low 
end Model 100 has a 20M hard disk but no 
built-in floppy. An external floppy is 
available as an option to load software in- 
to the hard drive, but it’s expected that the 
hard drive will be loaded via connection to 
a desktop Mac. The screen is a backlit, 
super-twist display that’s clear and sharp 
from any angle. The story I got was that 
PowerBook Model 100 will be built for 
Apple by Sony and have limited availabili- 
ty at approximately $2,299 ($2,499 with ex- 
ternal floppy drive). Rumor has it that 
street price might be as low as $1,900. 

The PowerBook Model 140 is based on 
the 16-MHz, 68030 CPU and offers per- 


formance equal to the Mac Ilex. It comes 
with a floppy and either a 20M or 40M hard 
drive. An internal 1.4M Super Drive can 
read, write and format Macintosh, MS- 
DOS, OS/2 and ProDOS disks. It includes 
a user’s choice of either 2M or 4M of 
RAM. The Model 140 shares the same full- 
page, backlit supertwist liquid-crystal dis- 
play. Pricing starts at $2,899, and it should 
be available by now. 

The PowerBook Model 170 is the pow- 
erhouse of the line . It uses a 25-MHz 68030 
CPU and a 68882 math coprocessor, 
equaling the power of the Macintosh Ilci. 
Model 170 includes a built-in 2,400-baud 
modem with fax send at 9,600 baud. It 
comes standard with the SuperDrive flop- 
py, 40M hard drive and 4M of RAM. The 
Model 170 uses a back-lit active-matrix 
liquid-crystal display that has excellent 
display capabilities under all lighting con- 
ditions. It weighs in at 6.8 pounds and is 
listed at $4,599. 

Both Models 140 and 170 support exter- 
nal monochrome and color displays and 
have a microphone and sound input cap- 
ability. They’re powered by an Ni-Cd bat- 
tery that provides 2 to 3 hours of usage. Us- 
ing these laptops was a convincing experi- 
ence for me. Although I’ve used many MS- 
DOS laptop computers I’d love to own, I 
have to rate these Apple machines near the 
top of the list. 


Apple also introduced two top-of-the- 
line machines. The desktop Quadra 700 
and the ‘ ‘tower’ ’ design Quadra 900 use the 
high-speed Motorola 68040 and represent 
the most-powerful Macintosh computers 
available. These computers will enable Ap- 
ple to retain its lead in desktop publishing 
and graphics. Over at the Adobe booth, I 
saw a demo of Pagemaker 4.2 for Macin- 
tosh that makes full use of System 7. The 
DTP demo was running on the Macintosh 
Quadra Model 900. It was truly astounding 
to watch the generation of full-page art and 
text in so little time. It will be a long time 
before Pagemaker For Windows comes 
anywhere near these capabilities. 

Apple also introduced Classic II, an im- 
proved model of the popular, low-cost 
Macintosh Classic. Also shown were im- 
proved models of Apple’s laser printers 
and scanner. 


— Stan Veit 



Cross-Assemblers from $50.00 
Simulators from $100.00 

Cross-Disassemblers from $100.00 
Developer Packages 

from $200.00(a $50.00 Savings) 


Make Programming Easy 

Our Macro Cross-assemblers are easy to use. With powerful 
conditional assembly and unlimited include files. 

Get It Debugged--FAST 

Don’t wait until the hardware is finished. Debug your software 
with our Simulators. 


Recover Lost Source! 

Our line of disassemblers can help you re-create the original 
assembly language source. 

Thousands Of Satisfied Customers 
Worldwide 

PseudoCorp has been providing quality solutions for 
microprocessor problems since 1985. 


Processors 


Intel 8048 RCA 1802.05 

Motorola 6800 Motorola 6801 

Hitachi 6301 Motorola 6809 

Rockwell 65C02 Intel 8080.85 

Hitachi HD64180 Mot. 68k.8.10 


Intel 8051 Intel 8096,1 96kc 

Motorola 68HC1 1 Motorola 6805 
MOS Tech 6502 WDC 65C02 
Zlog Z80 NSC 800 

Zilog Z8 2log Super 8 
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All products require an IBM PC or compatible 

For Information Or To Order Call: 



(804) 873 


PseudoCorp 

716 Thimble Shoals Blvd, Suite E 



Newport News, VA 23606 

1947 FAX:(804)873-2154 



SOUND MASTER® II 

THE MOST COMPATIBLE PC-AUDIO CARD IN THE WORLD 


• 100% AdLib™ compatible. 11 Voice 
FM Music Synthesizer. 

• Exclusive SMULATOR"* sound file 
conversion software. Operates "Sound 
Blaster" compatible titles -- WITH 
IMPROVED SOUND QUALITY! 

• VOICE COMMAND SOFTWARE. 

• Covox Voice Master®. Speech Thing®, 
MIDI Maestro"* compatible. 

• 8 bit DMA sound digitizer. Sample 
rates to 25Kbytes/sec with "direct to 
disk" recording and playback option. 

• MIDI interface with simultaneous input 
and output. Includes PC-LYRA’" music 
composition software 

• 4 -watt (peak) audio amplifier with 

adjustable volume control^ 


• Internal PC speaker supported. 
Improves sound from any software 
using the PC’s internal speaker. 

• Audiophile sound quality. Low noise, 
precision engineered electronics. 

• Extensive software tools and support, 
including digital audio compression 
and editing utilities. 

• Supported by the largest library of 
software titles in entertainment, 
business, music, and education. 

• Dual 3-lnch speakers, 6 foot MIDI 
cable, and internal speaker bypass 
connector included. 

• Made in USA by Covox - THE 
microcomputer audio specialist since 
1975. 


Your Best Choice for Multi-Media Sound 

ONLY $229.95 (plus $5 shipping & handling) 

ORDER HOTLINE: (503) 342-1271 M-F 8 AM TO 5 PM PST. VISA, MC, 
AMEX phone or FAX orders accepted. NO CODs. 30 day money back 
guarantee If not satisfied. One year warranty on hardware. 


TRADE-UP OFFER: Your current PC sound card brand is worth $$$ 
toward the purchase of a Sound Master II. Contact Covox for details. 


CALL OR WRITE FOR FREE PRODUCT CATALOG 
covox inc. 675 Conger Street • Eugene, OR 97402 
^ Phone (503) 342-1271 • FAX 503-342-1283 ^— 
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Today’s top-paying programming jobs go to those skilled in both C++ and Windous 



NRI’s new training in Programming 
in C++ with Windows lets you 
combine two of today’s hottest 
programming skills into 
one great new career! 


work with the top-rated Borland Turbo C++ 
compiler included in your course, you master 
object-oriented programming methods — 
gaining the practical experience and design 
expertise that will save you time and make future 
programming fast and easy. 

You discover for yourself how this in-demand 
language allows you the freedom to write real- 
world applications that rival software produced 
by top-paid design teams — from stand-alone 
graphics and word processing packages to 
spreadsheets, text editors, database managers, 
and more! But that’s still not all... 


Learn to program for the exciting visual 
environment of Microsoft® Windows™ 


Like never before, organizations everywhere are 
paying top dollar for PC programmers who can 
combine the power of object-oriented C++ with 
the new freedom and ease of Windows to create 
in-demand software for business, industry, or 
consumer applications. 

Pick up the classified section in any major 
newspaper and you’ll see: C++ programming 
and the ability to create PC programs for a 
Windows environment top the list of job skills 
today’s employers demand. 

Now you can take advantage of today’s hottest 
programming opportunities with NRI’s new at- 
home training — Programming in C++ with 
Windows. It’s the right training at the right time. 
And the only training that gives you everything 
you need to succeed today on the job, in a new 
career, or in a full- or part-time programming 
business of your own. 


Send for your FREE NRI catalog today! 


Discover how NRI can give you the computer 
know-how you need for success. If the coupon is 
missing, write to NRI Schools, McGraw-Hill 
Continuing Education Center, 4401 Connecticut 
Avenue, NW, Washington, DC 20008. 


with VGA color monitor, enhanced keyboard 
and mouse, 40 meg IDE hard drive, and three full 
megabytes of RAM. 

This outstanding computer system gives you 
the memory, speed, and power you need to take 
advantage of all the features of your C++ 
compiler and Windows software ... and develop 
the kind of quality software programs today’s 
employers and consumers demand. But 
hardware is just part of what makes NRI training 
so good ... 


With NRI training you take command of today’s 
newest design techniques as you master 
programming skills for Windows — using both 
C++ and the built-in functions and routines of 
- your Microsoft Windows software. 

As you actually build your own software 
application, you develop hands-on experience 
with Windows’ easy-to-use features —inducing 
graphics, memory management, multitasking, 
data exchange, and more! 

Soon you’re ready to use your computer and 
know-how to create fast, functional programs — 
complete with on-screen graphics, custom 
cursors, images, icons, and all the other 
Windows features you need to build high- 
performance software that meets today’s 
competitive business needs. 


Master object-oriented programming 
using Borland Tbrbo C++® 


With NRI you learn at home, at a comfortable 
pace. NRI’s Discovery Learning Method takes 
you step-by-step from computer basics to 
advanced programming in C++, today’s hottest 
object-oriented programming language. As you 


Get hands-on training with a 386sx-based 
mini-tower computer system 


SEND COUPON TODAY FOR FREE NRI CATALOG! 



(Jet practical experience with a powerful 
586sx-basecl computer, VGA color monitor, 5 
meg RAM, +0 meg IDE hard drive, enhanced 
keyboard and mouse, and professional 
software ... all yours to train with and keep! 


NRI knows: To program in C++ and create 
Windows applications, you need to work with a 
state-of-the-art computer system. That’s why NRI 
gives you hands-on experience with a 386sx- 
based mini-tower computer — yours to 
train with and keep! Only a computer this 
powerful and fast would do. Best of all, 
your computer system comes complete 


f McGraw-Hill Continuing Education Center 

SchOOlS 4401 Connecticut Avenue, NW, Washington, DC 20008 |^fl|| 

Yes! Send me the FREE catalog I’ve checked and show me how NRI cangive me the state- 
of-the-art computer training I need for advancement, extra income, or a business of my own! 
Check one FREE catalog only Other computer career training: 

□ PROGRAMMING IN C++ WITH WINDOWS □ Computer Programming 

□ PC Troubleshooter □ Desktop Publishing and Design 

□ PC Applications Specialist □ Bookkeeping and Accounting 

Name. Age 


Address 

City State. 

Accredited Member, National Home Study Council 


-Zip. 


5414-022 
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The number and variety of electronic sen- 
sors being used in modern electronics ap- 
plications seems to be growing faster than 
ever before. There’s even a trade magazine 
devoted to the subject. Yet judging by 
some recent conversations, letters and even 
magazine articles, some experimenters, en- 
gineers and electronics writers aren’t al- 
ways aware of what sensor to select for a 
specific application. 

As an example of the above, I recently 
heard from an experimenter who has de- 
signed a very sophisticated system for mak- 
ing automated measurements of very low 
light levels. Unfortunately, both of the two 
kinds of light detectors he’s tried are com- 
pletely unsuited for his application. 

Whether your interest is basic electron- 
ics, circuit design or computers, you 
should be aware of the kinds of sensors 
that are available and the problems they 
can solve. Why? Since sensors can be used 
in countless ways to accomplish the aims 
of countless applications, they’re showing 
up everywhere. 

Magnetic Switch 

Consider the lowly magnetic switch. When 
mounted on the frame of a store’s front 
door, above a magnet attached to the door 
and connected to a battery and a bell, it 
functions as a burglar alarm. The same 
switch-and-magnet combination can be 
used with a digital counter to record the 


A Sensor Roundup 


number of customers who enter the store. 
For more sophistication, the counter can 
be replaced by a computer that stores the 
time each customer enters the store and, 
at the close of the day’s business, generates 
a graph that shows the manager peak busi- 
ness times. 

Figure 1 shows how you can even add 
“intelligence” to a string of basic magnetic 
switches. All you have to do is connect a 
resistor across each switch. When all 
switches are closed, the resistance of the 
network will be close to 0 ohm. If one 
switch is opened, its resistor will appear 
across the network. If you’ve carefully se- 
lected the resistances, you’ll know exact- 
ly which switch or combination of switches 
in the network have been opened. 

The output for the Fig. 2 circuit can be 
an analog ohmmeter, digital multimeter or 
computer. The first two require you to 
make a table of values that correspond to 
each switch and switch combination. A 
computer, of course, can be programmed 
to determine all this automatically. You 
can connect the network to the computer’s 
joystick port or to an analog-to-digital 
(A/D) converter. 

Here’s a simple BASIC loop that con- 
tinually reads a j oystick port and prints the 
result on the screen: 

100 ’STICKREAD 

120 CLS 

130 X = STICK(0) 


140 LOCATE 15,15 
150 PRINT “X = ”;X 
160 GOTO 130 

Caution : Before connecting any exter- 
nal circuit to the joystick port of your com- 
puter, you must know exactly how the port 
works. The best approach is to obtain a cir- 
cuit diagram of the game port interface. 
An alternative is to disassemble a joystick 
deigned to work with your computer, care- 
fully study its wiring and carefully measure 
any voltages at the game port. In a typical 
configuration, the game port provides + 5 
volts and ground. Potentiometers in the 
joystick connect across this voltage so that 
they can function as voltage dividers. The 
voltage at the wiper lug of each pot con- 
nects to the game port. 

Figure 2 shows what’s inside a “typical” 
joystick — and how it’s interfaced with a 
“typical” game port. Remember the qual- 
ifier “typical,” since some computer game 
ports don’t use this kind of joystick and 
interface arrangement. 

Now that you’ve seen how even the low- 
ly magnetic switch can be made more in- 
telligent, let’s examine some sensor basics. 
We’ll then look at two of the most impor- 
tant classes of sensors, those used to detect 
light and temperature. 

Sensor Basics 

Although there are hundreds of kinds of 
sensors, most can be classified as either 



Fig. 1 . How to use resistors to increase the intelligence of mag- 
netic switches. 


Fig. 2. Internal circuit and interfacing of atypical joystick. 
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Fig. 3. This graph shows the spectral sensitivity of several photoresistors. 


on/off or analog. There are also many 
kinds of hybrid sensors that include a sim- 
ple circuit that transforms their analog 
response to an external stimulus into an 
on/off output. 

On/ off sensors include many kinds of 
mechanical switches that are actuated by 
pressure, temperature, position, flow and 
other stimuli. Common examples are mag- 
netic switches, liquid-level indicators and 
thermostats. 

Sensors with an analog output may gen- 
erate a voltage or current that varies with 
changes in the magnitude of the stimulus 
being sensed. Or the resistance, capaci- 
tance or inductance of the sensor may 
change in response to changes in what’s be- 
ing sensed. 

Many sensors with an on/off output are 
actually analog sensors packaged with a 
conditioning circuit that provides one of 
two voltage levels, often ground and + 5 
volts, when a threshold is crossed. The 
threshold point of some of these hybrid 
sensors can be externally adjusted, often 
by means of a trimmer resistor that’s con- 
nected to the sensor by the user. 

Sensor Types 

Some sensors are so simple that you can 
make them yourself. A good example is an 
inductor made from a piece of soda straw 
and some insulated wrapping wire. A piece 
of ferrite or even a nail inserted inside the 
straw will change the inductance of the 
coil, hence the frequency of a miniature ra- 
dio transmitter or audio oscillator to which 
the inductor is connected. Attach a weight 


and rubber band to the ferrite insert, and 
you have an accelerometer. 

Then there are off-the-shelf electronic 
components that can double as sensors. 
The common potentiometer is a good ex- 
ample. Add a weight to the end of a rod 
attached to the shaft of a pot, and you end 
up with a pendulum that cai function as 
a two-dimensional accelerometer. Extend 
the shaft of a two-pot joystick, add a 
weight to its end, and you’ll have a three- 
dimensional accelerometer. 

Most sensors are components that have 
been designed for a specific task. The most 
common are sensors that detect light, tem- 
perature, pressure, acceleration, strain, 
vibration and magnetic fields. There are 
also many kinds of more specialized sen- 
sors, including those that detect ionizing 
radiation, transparency of water, dust par- 
ticles and pollen suspended in air and vari- 
ous trace gases in the atmosphere. 

Light Sensors 

Light sensors can be classified as photo- 
emissive, photoresistive, photovoltaic or 
photoconductive. Some sensors fit only 
one of these categories while others fit two. 
Therefore, it’s very important to under- 
stand the characteristics of each category. 

Photoemissive light sensors include pho- 
totubes and photomultiplier tubes whose 
elements are housed inside an evacuated 
glass envelope. The simplest phototube has 
a curved metal cathode that ’s coated with 
a photoemissive material that emits elec- 
trons when struck by photons of incom- 
ing light. These electrons are collected by 



Fig. 4. How a voltage divider network 
transforms resistance to voltage. 


an anode. The resulting current flow is de- 
tected by monitoring the voltage across a 
very high resistance resistor. 

Stiff competition from solid-state light 
detectors has diminished the role of pho- 
totubes. But they’re still used in specialized 
applications, such as detecting ultraviolet 
(UV) radiation. The major drawback of 
phototubes is that they require an operat- 
ing potential of 100 volts or more. 

Photomultiplier tubes (PMTs) feature 
up to a dozen or more anodes, each at a 
greater potential than the last. When an 
electron stimulated by an incoming photon 
strikes the next anode, it causes several ad- 
ditional electrons to be released. They, in 
turn, cause even more electrons to be re- 
leased by the next anode, and so forth. This 
internal multiplication of electrons is the 
built-in gain feature that gives PMTs their 
exceptionally high sensitivity. 
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Fig. 5. Photovoltaic operation of a photo- 
diode. 

PMTs remain the most sensitive of all 
light detectors. Their major drawbacks are 
high cost, fragility and the need for a high- 
voltage supply. 

Photoresistive detectors, also known as 
light-dependent resistors, are inexpensive 
and ideally suited for detecting the absence 
or presence of light. That’s why they’re the 
sensor of choice in dark-activated street 
lights and night lights. 

Figure 3 shows the spectral response of 
several photoresistive materials. Photore- 
sistors designed to detect visible light are 
made from cadmium-sulfide (CdS) and 
cadmium- selenide (CdSe). CdS photore- 
sistors are more sensitive to green wave- 
lengths, while CdSe photoresistors are 
more sensitive to red wavelengths. Lead- 
sulfide (PbS) and lead-selenide (PbSe) are 
sensitive to near-infrared wavelengths. 

Figure 4 shows how the changing resis- 
tance of a photoresistor can be trans- 
formed into a voltage. This circuit is simply 
a voltage divider in which the photoresistor 


is one of the two resistors. The resistance 
of a photoresistor falls as the intensity of 
the light at its sensitive surface increases. 
Therefore, if the photoresistor is R1 , the 
voltage from the circuit will increase when 
the light level increases. If the photoresis- 
tor is R2 , the voltage from the circuit will 
decrease when the light level increases. 

Photoresistors have several drawbacks. 
For example, they respond to a fast rising 
pulse of light more slowly than do other 
solid-state light sensors. Their resistance 
doesn’t necessarily change in direct pro- 
portion to the intensity of light. And after 
exposure to a bright light, they exhibit a 
temporary change in response that’s 
known as the “memory effect.’’ 

All pn-junction diodes are sensitive to 
light. The photodiode is a special type of 
diode designed specifically for detecting 
light. This is done by increasing the diode’s 
surface area, reducing the thickness of the 
top layer of semiconductor material and 
placing the top electrode where it doesn’t 
block incoming light. 

Photodiodes are by far the most versa- 
tile of semiconductor light sensors. They 
respond very rapidly to an incoming pulse 
of light, have no memory effect and are 
very sensitive. Moreover, as shown in Fig. 
5 and Fig. 6, they can be operated in either 
a photovoltaic or photoconductive mode. 
In both modes, the response of a photodi- 
ode to light is highly linear. 

The best known photodiode is the ordi- 
nary silicon solar cell. Since the large junc- 
tion area of a solar cell increases the cell’s 
capacitance, thereby reducing the cell’s re- 
sponse time, and since the large light -gath- 
ering surface of a solar cell isn’t usually 
necessary, most photodiodes have a much 
smaller surface area. 

In photovoltaic mode, the photodiode 
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Fig. 6. Photoconductive operation of a photodiode. 
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acts like a miniature solar cell. Light strik- 
ing it produces a voltage and photocurrent, 
either of which is then detected or ampli- 
fied by an external circuit. The chief ad- 
vantage of photovoltaic operation is low 
operating noise. 

In photoconductive mode, the photodi- 
ode is reverse biased, as shown in Fig. 6. 
Light striking the diode causes it to con- 
duct, thereby permitting a current to flow. 
If the photodiode is connected in series 
with a load resistor ( Rl ), the photocurrent 
is changed to a proportional photovoltage 
for amplification by an operational ampli- 
fier. Or, as also shown in Fig. 6, the pho- 
tocurrent can be fed directly into an op 
amp connected in transimpedance mode. 

Since a reverse-biased photodiode per- 
mits a tiny trickle of current to flow, even 
when it’s dark (the so-called dark current), 
this mode is noisier than photovoltaic 
mode. But it provides a much faster re- 
sponse to a fluctuating signal. 

As shown in Fig. 7, the spectral response 
of silicon photodiodes extends from the 
blue to the near-infrared at around 1 , 100 
nanometers. Peak response is in the near- 
IR at around 850 to 900 nm . Extended-blue 
silicon photodiodes have appreciable sen- 
sitivity to UV radiation. But since they 
have much higher sensitivity to near-IR, 
expensive filters must be used to block the 
IR wavelengths. That’s because ordinary 
UV filters also transmit a good deal of 
near-IR energy, enough to mask a weak 
UV signal. 

Although silicon is by far the most com- 
mon photodiode material in use, many 
other materials can also be used to make 
photodiodes. For example, the spectral re- 
sponse of gallium-phosphide (GaP) pho- 
todiodes extends from the UV to the red. 
Since GaP photodiodes don’t respond to 
near-IR, they’re ideally suited for use as 
UV detectors. Germanium (Ge) photodi- 
odes give a spectral response that extends 
out to more than 1,500 nm. 

Selenium was used to make the first 
semiconductor light sensors more than a 
century ago. It was once a popular photo- 
voltaic detector because its response closely 
matches that of the human eye. It’s been 
largely replaced by more stable silicon pho- 
todiodes fitted with an IR-blocking filter 
to provide a match to the response of the 
human eye. 

Other semiconductors are used to make 
photodiodes that respond farther out in the 
IR range than is possible with germanium. 
Many of these sensors are designed for use 
as optical-fiber detectors — and most of 
them are expensive. 

If you need the sensitivity of a PMT in 
a solid-state device, the avalanche photo- 
diode is a good choice. This diode is de- 
signed to be operated at a carefully regu- 
lated reverse bias of a few hundred volts 
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Fig. 7. This graph shows the spectral response of several photodiode materials. 


or so. Incoming light then triggers an ava- 
lanche of electrons. The result is a multi- 
plication effect similar to than of the PMT. 

Avalanche photodiodes are smaller and 
sturdier than PMTs. But they aren’t quite 
as sensitive. And, like the PMT, they’re ex- 
pensive and require a high-voltage supply. 

Phototransistors are transistors in which 
the incoming signal to be switched or am- 
plified arrives in the form of photons in- 
stead of electrons. Since phototransistors 
have internal gain, they’re exceptionally 
sensitive. Nearly all commercial photo- 
transistors are made from silicon, and their 
spectral response is similar to than of sili- 
con photodiodes. Their response time, 
however, isn’t as fast. 

Phototransistors can be tricky to use be- 
cause their high internal gain makes their 
response linear over a much smaller range 
than photodiodes. While this is a disadvan- 
tage when they’re used in analog applica- 
tions, it’s a plus when all that’s needed is 
an on/off indication of light. 

Another tricky feature of phototran- 
sistors is that a small bias is needed for 
them to begin conducting. This can be sup- 
plied by a base-bias resistor if the photo- 
transistor has a base lead, which many 
phototransistors don’t have. The only way 


for these phototransistors to begin con- 
ducting is to raise the light level to a point 
where conduction begins. This level might 
be considerably greater than the level that 
can be detected by a properly biased three- 
lead phototransistor. 

Incidentally, phototransistors can also 
be biased by means of an external light sig- 
nal. For example, a lightwave communi- 
cator with which I used to experiment used 
a phototransistor as a detector (a photo- 
diode would have been a better choice). At 
maximum range, the signal from the trans- 
mitter could be boosted out of the noise 
level simply by allowing the edge of a 
flashlight beam to strike the phototran- 
sistor! While this worked great at night, 
sunlight swamped the phototransistor dur- 
ing daylight operation, reducing the range 
by a factor of 10. 

Temperature Sensors 

Shortly before 1 began work on this col- 
umn, a record cold wave dipped into the 
central United States and shattered low- 
temperature records in many states. On the 
front porch of my office, a digital ther- 
mometer with a hi/lo memory feature con- 
firmed that the temperature dipped below 



Fig. 8. A basic thermocouple circuit. 


freezing nearly a month before the average 
first freeze. 

These are the kinds of thoughts we usu- 
ally have when temperature is mentioned. 
But temperature is much more important 
than knowing whether it’s a hot or a cold 
day. That’s because a knowledge of the 
temperature of an object, liquid or gas can 
provide vital information about density, 
volume, pressure, electrical resistance and 
capacitance. 

Some temperature sensors measure tem- 
perature indirectly by observing the peak 
wavelength of the electromagnetic (em) ra- 
diation emitted by the object being moni- 
tored. This is how the temperature of the 
sun, distant stars, flames and even your 
own body can be measured from a dis- 
tance. Indirect temperature sensors re- 
spond very rapidly but are expensive. 

Direct temperature sensors, which are 
heated or cooled to the temperature of 
what’s being monitored, are much more 
common. This, of course, is how a mer- 
cury thermometer works. The mercury in 
the thermometer’s bulb contracts or ex- 
pands when cooled or heated, thereby al- 
tering how far up thermometer’s capillary 
the mercury extends. 

Since direct temperature sensors must be 
heated or cooled to the temperature of 
what’s being monitored, they’re slower to 
respond than are direct-temperature sen- 
sors. This phenomenon is sometimes called 
thermal lag, and you need to be aware of 
it since it will affect virtually any temper- 
ature measurement you make. 

Thermal lag provides a temporary mem- 
ory affect that can be very useful at times 
— as when you’re reading the temperature 
on a mercury thermometer after you’ve 
pulled it from under your tongue. But ther- 
mal lag can also cause problems — like 
missing the peaks and valleys of a fluc- 
tuating temperature. 
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Fig. 9. Resistance is shown plotted as a function of temperature 
in this graph. 



Fig. 10. Schematic diagram of a low-temperature alarm circuit. 


The traditional bimetallic thermostat re- 
mains one of the most reliable and most 
commonly used on/off temperature sen- 
sors. If you’re indoors reading this, there’s 
probably one nearby. 

The simplest way to measure tempera- 
ture electrically is to monitor the resistance 
of a length of wire. Among the most com- 
mon metals used for this purpose are 
nickel, iron, copper, platinum, silver and 
tungsten. The resistance of wires made 
from these and other metals is published 
in various technical reference books. 

More flexibility is afforded by another 
old standby, the thermocouple. When two 
wires of dissimilar metals are joined, a po- 
tential difference proportional to the junc- 
tion’s temperature exists across the wires. 
A series array of these junctions, or cou- 
ples, can be used to increase their sensitiv- 
ity to small temperature changes. 

Applications for thermocouples range 
from the simple to the sophisticated. If 
your house or water heater has a heating 
system fueled by natural gas or propane, 
a thermocouple installed over the pilot 
light will cool down in the event the flame 
is extinguished and send a signal to close 
the fuel valve. 

A more-sophisticated application is the 
use of tiny arrays of thermocouples to de- 
tect the presence of carbon-dioxide or 
water vapor by systems known as gas ana- 
lyzers. Since these gases absorb specific 
wavelengths of IR energy, their presence 
can be detected when a gas sample is placed 
between an IR source and thermocouple 


array. A narrow bandpass IR filter can be 
used to select a specific water vapor or car- 
bon-dioxide absorption band. 

Thermocouples are very rugged and are 
available in many metal combinations. 
You can even make your own by buying 
the appropriate wire and welding together 
the ends to form a junction. Among the 
most common pairs of metal are iron/con- 
stantan, copper/constantan and chromel/ 
constantan. 

Since thermocouples are self-generating 
devices, their output can be read out on a 
digital voltmeter that can display milli 
volts. What some users don’t realize, how- 
ever, is that two junctions are required to 
measure temperature and that care must 
be taken when connecting the leads from 
the thermocouple to an external circuit. 

Figure 8 shows a basic thermocouple cir- 
cuit. Junction A is the junction designed 
to sense the temperature of whatever is be- 
ing measured. Junction B is immersed in 
ice water at a known temperature to supply 
a reference. Now, if the pair of constan- 
tan wires from the thermocouple is sol- 
dered to copper foil on a circuit board, two 
new thermocouple are created! If these 
new thermocouples are at different tem- 
peratures, a false signal appears superim- 
posed on the signal from the thermocou- 
ple being used as the sensor. 

Thermocouples are very rugged and can 
be operated at temperatures that melt the 
semiconductor temperature sensors 
known as thermistors. But for routine 
temperature measurements, the thermistor 


is a good choice since it’s inexpensive and 
very easy to use. 

Thermistors are temperature-sensitive 
resistors. If you increase the temperature 
of a thermistor, its resistance decreases. 
Therefore, a thermistor has a negative tem- 
perature coefficient. This operation is sim- 
ilar to that of a photoresistor, the resis- 
tance of which decreases as the intensity 
of the light increases. 

Figure 9 shows temperature-versws-re- 
sistance for a typical thermistor. As you 
can see, a thermistor is very sensitive. The 
resistance of some thermistors can change 
by a factor of 10,000,000 over a specified 
temperature range. 

Figure 9 also shows that thermistors 
have a nonlinear response to temperature. 
In an application where a thermistor is 
used over a very wide temperature change, 
its nonlinearity usually requires some form 
of compensation. This can be accom- 
plished by using a nonlinear amplifier or 
with various program routines when a 
computer is in the loop. But over small 
temperature ranges, the resistance of a 
thermistor can often be considered ap- 
proximately linear. 

Various kinds of integrated-circuit tem- 
perature sensors have been introduced over 
the last decade or so. Since these chips de- 
pend on the stable and predictable re- 
sponse to temperature of silicon, they pro- 
vide an output voltage that’s directly pro- 
portional to temperature. You can make 
an accurate thermometer simply by con- 
necting one of these chips to a battery and 


Say You Saw It In ComputerCraft 


February 1992 / COMPUTERCRAFT / 77 


voltmeter. For more sophistication, you 
can connect the chip to an A/D converter 
and transform your personal computer in- 
to a thermometer. 

Even though temperature-sensing ICs 
are small, in some applications, their 
physical size causes enough thermal lag to 
hamper rapid temperature fluctuations. 
That’s why I selected a tiny bead thermis- 
tor a few years ago when I was measuring 
temperature with a simple circuit lifted 
above my house by a helium-filled trash 
bag. A bead thermistor can respond to 
temperature changes in milliseconds and 
detect changes that are too fast and subtle 
to be detected by a chip sensor. 


Sensor Conditioners 

Many kinds of circuits and software rou- 
tines can be used to process the signal from 
a sensor. One of the most common condi- 
tioners is a simple threshold system to de- 
tect when a sensor signal matches a preset 
value. The threshold circuit can be a sim- 
ple comparator circuit like the one shown 
in Fig. 10. Alternatively, it can be a few 
lines of program code. 


The Fig. 10 circuit will actuate a buzzer 
when the temperature of thermistor R1 
falls below a preset level determined both 
by its resistance and the resistance of R2. 

I used a Radio Shack thermistor (Cat. No. 
27 1 - 1 1 0) to make the prototype. This ther- 
mistor has a resistance of about 10,000 
ohms at 25° C (room temperature). Al- 
though the operational amplifier is speci- 
fied as a 741 , any common op amp should 
work in this basic circuit. 

The best way to select the resistance of 
R2 is to use a pot to adjust the circuit for 
the temperature point at which you want 
the buzzer to sound. Measure the resis- 
tance of the pot and insert a resistor with 
the same value into the circuit (unless you 
want to keep the option of being able to 
adjust the circuit). 

Many analog sensors are manufactured 
with an on-chip threshold circuit much like 
the one shown in Fig. 10. Among the most 
common of these are light and magnetic- 
field sensors. Some have no provision for 
changing the threshold point, while others 
feature a pin to permit external threshold- 
adjustment. 

Some sensors require somewhat more 
sophisticated conditioning. Consider the 
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signal from a nonlinear sensor. One way 
to make such a signal linear is to use a 
nonlinear amplifier. Another is to deter- 
mine the mathematical function of the sen- 
sor’s output curve. It’s then a simple mat- 
ter for a computer to compute a correction 
factor to transform the nonlinear signal in- 
to a linear signal. Still another way is to 
store in memory a look-up table of appro- 
priate linear values for a range of nonlinear 
sensor outputs. A simple processor or 
computer can then scan the look-up table 
and match the nonlinear input signal with 
the appropriate value to provide a linear 
output signal. 

The most sophisticated conditioning of 
all is signature analysis. Flere a circuit or 
program is designed to recognize charac- 
teristic patterns in the signal emitted by 
what’s being sensed so that other signals 
can be ignored. Signature analysis is used 
to pinpoint military targets surrounded by 
decoys and identify specific images by 
computer analysis of the complex signal 
pattern from a CCD camera (and some- 
times by comparing the unknown image 
with a library of stored images). 

Keeping It Simple 

No matter which sensor you select for a 
specific application, you’ll always have 
best results if you keep the conditioning cir- 
cuit or program simple and straightfor- 
ward. Sometimes you can avoid the need 
for signature analysis entirely by some 
common-sense thinking. 

Years ago, a student at a science fair im- 
pressed the judges with his gender identi- 
fier circuit that could identify whether a 
man or woman was standing at a given 
spot. The clever student had positioned a 
thermistor about a foot above the floor. 
The legs of men wearing trousers gave less 
of a temperature change than the legs of 
women wearing dresses. A simple compar- 
ator circuit took it from there. While this 
simple male/female sensor wouldn’t work 
today, it’s a good example of how creative 
use of a single sensor can solve an interest- 
ing problem. 

Going Further 

I hope this column has given you an idea 
of just how versatile some of today’s sen- 
sors can be. There simply isn’t space to de- 
scribe all available sensors in a single col- 
umn. Therefore, if you want to learn more, 
refer to various books about sensors. One 
of my favorites is Experimental Methods 
for Engineers \>y J.P. Flolman (McGraw- 
Hill, 1984). Even though it’s a little dated, 
this book covers most kinds of sensors in 
use today. It also provides good coverage 
of basic concepts and gives an excellent 
chapter on how to properly evaluate ex- 
perimental data. 
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The 386 Smart Cache Controller and 
Four Chips That Extend Battery Life 


BATT 

SENSE 



Fig. 1 . Teledyne Components’ TC675/676 battery-charger ICs provide a low-cost way to op- 
erate fast-charge Ni-Cd/Ni-hydride battery chargers. 


We lead off this month with a description 
of Intel’s 386 Smart Cache controller and 
then continue with four chips that extend 
battery life in notebook computers and 
other kinds of portable equipment. 

Smart Cache Controller 

The 386 Smart Cache is Intel’s (3065 Bow- 
ers Ave., P.O. Box 58065, Santa Clara, 
CA 95052) first million-transistor periph- 
eral component. The 386 Smart Cache 
(product name 82395DX) integrates cache 
control logic, 1 6K of static random-access 
memory (SRAM) and 1 ,000 cache tags in 
a single package. The 386 Smart Cache ex- 
pands the architecture of the i486 CPU on- 
chip cache into a stand-alone device de- 
signed for 386DX-CPU-based systems. 

By using a sophisticated cache architec- 
ture, the 386 Smart Cache outperforms 
cache subsystems with four to six times 
larger RAM. The 25-MHz version of the 
386 Smart Cache sells for $90 — which is 
40% less than a comparable-performance 
alternative. 

Cache memory subsystems typically 
gain performance by increasing the 
amount of SRAM. The 386 Smart Cache 
increases performance by using an ad- 
vanced architecture, rather than adding ex- 
pensive SRAM. The 16K 386 Smart Cache 
features four-way set-associativity; a 
16-byte line size; a four, double- word write 
buffer; concurrent line-buffer caching; 
plus one cache tag per line. The 386 Smart 
Cache uses a write-buffer memory-update 
protocol and maintains cache coherency 
through bus snooping. Many of these fea- 
tures were extracted from the i486 CPU 
cache design. 

Cache improves a system’s performance 
in three ways: speeding CPU reads from 
memory, speeding CPU writes to memory 
and reducing traffic on the memory bus. 
Because one chip implements an entire 
cache-memory subsystem, higher integra- 
tion/smaller form factor 386DX-CPU- 
based systems can be designed, with im- 
proved overall system reliability and re- 
duced cost. 

The 386 Smart Cache’s architecture 
takes advantage of nuances in system per- 
formance to provide the same or better per- 
formance than larger caches at far less cost. 
The reason that a larger cache doesn’t 
necessarily improve performance has to do 


with some of those system nuances. For ex- 
ample, one reason that cache works at all 
is a characteristic of software called “spa- 
cial locality.” Spacial locality simply 
means that software programs are typically 
composed of small segments (subroutines 
and procedures) that are repeated. Since 
data required by the programs usually are 
sequential in nature, only the local execut- 
ing code and data must be in the cache to 
optimize program performance, minimiz- 
ing code and data requests to slower, 
DRAM main memory. If a cache is much 
larger than the typical extent of locality for 
the software run by a system, the extra 
capacity is actually wasted — and so is the 
money spent to obtain it. 

The same principle holds for write pol- 
icy. A write-back cache isn’t always bet- 
ter than a write-through cache in the con- 
text of overall system performance. The 
386 Smart Cache uses a version of write- 
through called write-buffer, which almost 
completely eliminates penalties associated 
with write-through cache. 

In standard write-through cache, there 
can be two penalties. Firstly, whenever the 
CPU writes data to cache, the cache, in 
turn, writes the data to main memory. As 
a result, cache makes heavy demands on 
the memory bus. Secondly, the CPU must 
wait while the cache is writing to memory, 


incurring wait states that degrade system 
performance. 

In the 386 Smart Cache, a 128-bit buf- 
fer nearly eliminates the second penalty 
without the complexity or cost of imple- 
menting a write-back architecture. Instead 
of passing data directly through to main 
memory, the cache buffers it, which takes 
much less time than a write-to-memory, in- 
curring zero wait states. The CPU is then 
free to proceed to its next operation, while 
the cache writes the data through to mem- 
ory from its buffer. 

The first penalty, that of bus use, is not 
eliminated, but it doesn’t need to be. The 
fact is, in 386-CPU-based systems with one 
or two processors, there’s more than 
enough bus bandwidth to accommodate 
the cache without the complexity and cost 
of a write-back strategy. A 386 CPU with 
a write-through cache accounts for about 
40% of memory bus usage. Consequent- 
ly, using a write-through architecture 
would be a false economy. 

In addition to being more expensive to 
implement, a write-back architecture has 
penalties of its own. In one circumstance, 
a write-back architecture can actually 
cause a wait state. When the CPU must 
write to cache, but available locations in 
cache are full, cache normally just over- 
writes one of those locations. With write- 
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"Highly recommended" - J. Dvorak, PC Magazine 
“Outstanding... lets you explore the creative 
possibilities of fractals" -- Amstrad PC Magazine 
"Quick and easy to master" - New Scientist 
"Impeccably lucid... operations are fast " -- BYTE 

Fractal programming tutorial, 160-page Guidebook, 
Microsoft C programs, 200 + modifiable templates. 
Supports .DXF and .PCX files, CGA to Super-VGA. 

Orders/Info: CALL 802-888-5275 

Cedar Software box 5140 -m, Momsviiie vt oseei 
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PROM Programmer $95 



Merrimack Valley Systems 
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Phone: (508) 792 9507 
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-Keyboard In -PC bus 
-Battery or 5v -BIOS option 
-Real Tm Clk -LED display 
Use Turbo C, BASIC, MASM 
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Design & Test on your 
PC . . . From $349 

TECl’s MCPM'l system allows your IBM PC and Compatibles to 
be used as a complete development system for the Motorola 
6805 family of single chip microcomputers. Many time saving 
features at an affordable price. 

Also available - Programmer for 68HC05, in-drcuit emulators, 
"How-to" Primer, and many software tools to help you. 


Call Toll Free 
1-800-336-8321 



The Engineers Collaborative, Inc. 
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Fig. 2. A typical operating circuit for Maxim’s MAX623 quad high-side power switch. 


back architecture, however, there can be 
obsolete data at the location in main mem- 
ory corresponding to the cache data to be 
overwritten. In that case, the cache data 
must be written to main memory before be- 
ing overwritten, or it will be lost. When this 
occurs, the CPU must wait for the main 
memory update to occur, in so doing, in- 
curring a wait state. 

The 386 Smart Cache’s buffered write- 
through architecture provides the same 
performance as a write-back architecture, 
but without the penalties. In addition, 
there’s much more to a cache than just size 
and write policy. A number of other attri- 
butes assist in determining cache perfor- 
mance as well. 

The amount of data fetched to cache 
when a miss occurs — that is, the line size — 
can affect the hit ratio more than does the 
size. And because a large line size can place 
a burden on bus utilization, the 386 Smart 
Cache supports a burst mode for reading 
contiguous data (the kind that make up a 
line) from memory to cache. Reading in 
burst mode greatly reduces the cache’s 
need for bus time. In addition, the 386 
Smart Cache buffers information as it’s 
read into the cache. Because of the 386 
Smart Cache’s large line size, four read 
cycles can be executed. The buffering 
scheme allows the 386 CPU to get the first 
information without waiting for the subse- 
quent reads to occur. These are just two 
examples of the kinds of solutions possi- 
ble when one thinks in terms of the whole 
system, not just of cache size. 

Another important attribute besides raw 
size is the size of a cache “sector,” which 
is the unit of data associated with each tag. 


As tags are invalidated, via the snooping 
mechanism, smaller cache sectors result in 
less information replaced and lost. Since 
information is retained longer with smaller 
cache sectors, a greater chance exists that 
information will be in the cache if the mi- 
croprocessor requests it. In this way, the 
hit ratio can be substantially increased in- 
dependently of raw cache size. 

In a Power Meter MIPS (version 1.5) 
benchmark run on a 33-MHz 386-CPU- 
based EISA system, the 16K 386 Smart 
Cache operated at 8.3 MIPS. This equaled 
the performance of a 128K “write-back” 
cache memory subsystem (run on an Ever- 
ex STEP-33) and beat Intel’s own 64K 
82385 cache, which performed at 7.8 MIPS 
(on a Compaq Deskpro-33). 

The 386 Smart Cache is packaged in a 
196-lead plastic quad flat pack. In 1 ,000- 
unit quantities, the 386 Smart Cache costs 
$90 and $ 109 for 25- and 33-MHz versions, 
respectively. 

Supervisory Circuit 

Linear Technology Corp.’s (1630 McCar- 
thy Blvd., Milpitas, CA 95035) LTC1235 
microprocessor supervisory circuit in- 
cludes a unique conditional battery-back- 
up feature for RAM data that can extend 
battery life. The LTC1235 also has a guar- 
anteed reset assertion down to 1 volt, 
which prevents microprocessor malfunc- 
tion at low supply voltages. 

The LTC1235 adds a unique feature to 
all the functions of the LTC695 micropro- 
cessor supervisory circuit. The LTC1235 
can save battery power by conditionally 
saving the contents of RAM only when 
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necessary. If any data is in RAM, the 
LTC1235 can provide battery backup 
power to RAM. If there’s no data or 
there’s no need to save data, the LTC1235 
doesn’t supply backup power. 

The LTC 1 23 5 ’ s chi p-enable gating i s 3 5 
ns maximum, and supply current is 1 .5 mA 
maximum. The LTC1235 is supplied in 
16-pin SO or 16-pin DIP packages. It has 
all the features of the LTC695: power-on 
reset, watchdog timer, battery backup, 
RAM write protection and power-failure 
detection. In addition, it has the condi- 
tional battery backup and pushbutton re- 
set features. 

The LTC 1235 uses a charge-pumped 
NMOS power FET as the Vout power 
switch. This achieves a lower supply cur- 
rent and eliminates the problems encoun- 
tered when external pull-up resistors are 
used on digital outputs. The LTC 1235 
family is available in commercial and in- 
dustrial grades. Pricing in 100- and-up 
quantity for commercial-grade chips in 
plastic DIP is $3.85. 

Smart Battery-Charger ICs 

The first in a family of proprietary Smart 
Battery Charger ICs that provide a low- 
cost way to operate fast-charge Ni-Cd/Ni- 
Hydride battery chargers is available from 
Teledyne Components (1300 Terra Bella 
Ave., Mountain View, CA 94039). These 
new devices— the TC675 and TC676— en- 
able Ni-Cd/Ni-Hydride batteries to be 
charged safely without risk of overcharge 
and potential explosion (Fig. 1 ). The com- 
bination of fast charge and safety is impor- 
tant for applications where users need 
rapid recharge to maximize such equip- 
ment use as notebook computers, cellular 
telephones, battery-powered tools and 
portable medical instrumentation. 

The TC675/676 can be used in all Ni- 
Cd/Ni-Hydride battery charger circuits 
built around SCRs and current-limited 
transformers. The charge cycle begins 
when the IC detects the presence of bat- 
teries connected for recharge. It ends in 
either of two ways : an external thermistor 
input to the chip stops the charge cycle 
when selectable battery temperature rise is 
achieved or an on-board fail-safe timer 
limits charging time to 90 minutes. 

In addition to automatic battery- sense 
and dual-mode charge termination, these 
devices provide LED output that provides 
a visual check of charge-cycle status. Au- 
tomatic trickle charge is featured on the IC, 
with a timer override reset pin on the 
TC676 and trickle charge select pin on the 
TC675. These features give charger design- 
ers valuable options and make these de- 
vices ideal for a variety of charging sys- 
tems. The devices also include an on-chip 
dc power supply, reducing system cost. 


TheTC675/676 are packaged in 14-pin 
DIPs, 14-pin CerDIPs and 16-pin (wide) 
SOICs. They’re available in commercial 
and extended operating temperature 
ranges. Pricing for the plastic DIP is $7 
each in 10,000 quantity. 

Tiny Switches 

Maxim Integrated Products’ (120 San Ga- 
briel Dr., Sunnyvale, CA 94086) new 
MAX625 quad, high-side power switch 
permits TTL/ CMOS signals to switch four 
1 -ampere loads (4 amperes peak). This 
simplifies load switching in low-voltage 
systems and extends battery life. The 
MAX625 contains four 1 -ampere/0. 2- 
ohm MOSFET switches and all driver 
power and control circuitry in a 24-pin nar- 
row plastic DIP — a complete solution in 
0.3 square inches. A typical operating cir- 
cuit is shown in Fig. 2. 

The MAX625 extends battery life in por- 
table computers by allowing the comput- 
er’s microprocessor to turn off power to 
the LCD display, hard disk, CPU and 
RAM when they aren’t in use. Other ap- 
plications include portable battery-pow- 
ered instruments that use high current and 
H-bridges and stepper motor drivers. 

The MAX625 has a 4. 5-to- 16.5-volt in- 
put supply range and a typical quiescent 
current of 70 fiA. It’s designed for a wide 
range of line- and battery-powered switch- 
ing applications where board space is lim- 
ited and only low voltages are available. 
It eliminates expensive P-channel MOS- 
FETs, separate power supplies, bulky in- 
ductors and mechanical relays. 


The MAX625 comes in a 24-pin narrow 
plastic DIP package in commercial and ex- 
tended industrial temperature ranges. 
Prices for the MAX625CNG start at $9.98 
each in 1,000- and-up quantities. 

3.3-Volt, 1M DRAM 

Micron Technology (2805 East Columbia 
Road, Boise, ID 83706) has a 3 .3-volt low- 
power extended-refresh DRAM (LP- 
DRAM) in a 256K x 4 configuration 
(MT4C4256H). The company believes it’s 
the first semiconductor manufacturer to 
offer a 3.3-volt, lM-bit DRAM. 

The 3.3-volt LPDRAM offers a mem- 
ory solution for 3.3-volt flat-panel con- 
trollers used in new low- voltage laptop and 
notebook computers. In addition to re- 
duced supply voltage requirements, these 
new 1 M LPDRAMs offer very low current 
and extended refresh rate specifications for 
longer battery life in portable systems. 
Compared to standard 5-volt, lM-bit 
DRAMs, these 3.3-volt LPDRAMs lower 
typical CMOS standby currents from 3.5 
to 0. 1 mW and typical active currents from 
325 to lOOmW. The refresh rate specifica- 
tion is extended from 8 to 64 ms. Micron’s 
new 3.3-volt LPDRAM also allows for a 
low battery backup (BBU) current with a 
maximum specification of 90 pA. The 
BBU cycle is a low-current, data-retention 
standby mode. 

These new LPDRAMs are pin compati- 
ble with 1 M x 4 DRAMs and are offered 
in 300- mil SOJ packaging. Sample pricing 
for the MT4C4256H is $8 each in 100-piece 
quantities. ■ 
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Motorola’s 68HCII (from page 49) 


software uses only the shortest (35.56 ms with E = 922 kHz) and 
longest (2.276 seconds). With CR1 = CR2 = 0, the shortest time- 
out is chosen, and with CR1 = CR2 = 1 , the longest time-out 
is chosen. After reset, both bits are cleared. Note: To use the cop 
function, the nocop control bit in the config Register must be 
cleared. As shipped, the MC68HC1 1 A1 P has this bit set. For more 
information on the config Register, see Part 1 of this article. 

COP Watchdog System 

Because nothing ever works perfectly all the time, and MPU/ 
MCU circuits are no exception, most reliable systems have backup 
schemes. Early products that used microprocessors sometimes 
appeared to lock up, usually caused by a runaway program trig- 
gered by a “wild” electrical pulse. The first MPU-contr oiled 
VCRs and Video Disc players were notorious for this. Unplug- 
ging and then plugging them into the ac line usually solved this 
since the MPU was reset, which forced them to start executing 
instructions in a logical sequence again, 
i The HC1 1 has a built-in system that forces a system reset (or 
a jump to another “logical” starting point) if program runaway 
occurs. Basically, if a certain sequence of instructions isn’t detect- 
ed within the cop time-out period, the next instruction will come 
from addresses located at the cop failure reset vector at locations 
SFFFA and $FFFB. 

The sequence required to reset the watchdog timer is as follows. 
First, Write $55 to address #103 A (coprst register). Then write 
$AA to the same address. While both writes must occur in cor- 
rect order, other instructions can be placed between them. Also, 
the time between the reset sequence must be shorter than the 
chosen cop time-out period. 

A/D Control/Status Register (ADCTL) 


Bit 

7 

6 

5 4 3 

2 

Instruction 

CCF 

0 

SCAN MULT CD 

CC 

Bit 

1 

0 

$1030 


Instruction 

CB 

CA 

ADCTL 



Let’s look at each of these in turn. 


• Bit 7 /ccf— Conversions Complete Flag. This bit isn’t normal- 
ly used when in Continuous Scan mode (SCAN = 1). It’s cleared 
by a write to the adctl Register (starts a conversion sequence) 
and set when all four A/D result registers contain valid conver- 
sion results. 

• Bit 6. This bit isn’t presently used. It’s always zero. 

• Bit 5 /scan — Continuous Scan Control. When this bit is set, 
conversions are continuous, with the Result Registers being up- 
dated continuously. 

• Bit 4/mult — Multiple Channel /Single Channel Control. 
When set, a conversion is done on each of four channels. The 
result is placed in the respective Result Register (see Table 1). Note 
that Bits 3 and 2 specify which set of channel signals is associated 
with the respective Result Registers. Bits 1 and 0 have no mean- 
ing in Multiple Channel mode. When Bit 4 is cleared, only one 
channel is used. This channel is specified by Bits 3 through 0 (see 
Table 1). The Result Registers contain data from four consecutive 
conversions of this single channel. 

• Bit 3 /CD — Channel Select D. 

• Bit 2/cc — Channel Select C. 

• Bit 1/CB — Channel Select B. 

• Bit 0/ca — Channel Select A. 

You may notice in Table 1 several interesting — and perhaps 
confusing — details regarding the HC1 1 ’s A/D converter. Though 
it apparently has the capability to convert 1 6 different channels, 
four are used for testing and four others aren’t used at all. Also, 


Table 1. Analog-To-Digital Channel Assignments 


CD 

CC 

CB 

CA 

Channel 

Address In ADDRx 

3* 

2* 

1* 

0* 

Signal 

If MULT = 1 

0 

0 

0 

0 

AN0 

ADR1 

0 

0 

0 

1 

AN1 

ADR2 

0 

0 

1 

0 

AN2 

ADR3 

0 

0 

1 

1 

AN3 

ADR4 

0 

1 

0 

0 

AN4 

ADR1 

0 

1 

0 

1 

AN5 

ADR2 

0 

1 

1 

1 

AN6 

ADR3 

0 

1 

1 

1 

AN7 

ADR4 

1 

0 

0 

0 

reserved 

ADR1 

1 

0 

0 

1 

reserved 

ADR2 

1 

0 

1 

0 

reserved 

ADR3 

1 

0 

1 

1 

reserved 

ADR4 

1 

1 

0 

0 

VRH pin 

ADR1 

1 

1 

0 

1 

VRL pin 

ADR2 

1 

1 

1 

0 

(VRH)/2 

ADR3 

1 

1 

1 

1 

** 

ADR4 


♦These are Bit Numbers; **Reserved for factory testing. 


while the A/D converter is listed as an eight-channel device, there 
are only four Result Registers. The particular set of channels 
whose data is stored in the Result Registers is determined by Bits 
2 and 3 (CD and cc). 

Notice that if Bits 3 and 2 are both 1 , the A/D system monitors 
the reference voltages. MAG-1 1DIAG software uses this built- 
in feature to test the A/D converter. Note that with only 48 pins 
in use, Motorola left out four channels; so the MC68HC1 1 A1P 
A/D converter is a four-channel — not an eight-channel — 
peripheral. This reduction in channels is seldom a hindrance and 
simplifies using the A/D converter because you can be sure a par- 
ticular Result Register corresponds to a specific channel. 

The next two internal registers pertain to the programmable 
timer used in MAG-1 1DIAG software to measure temperature. 
Let’s look at the bits used in MAG-1 1DIAG software. 

TFLG1 — Timer Interrupt Flag Register 1 


Bit 

1 

6 

5 

4 

3 

2 

Instruction 

OC1F 

OC2F 

OC3F 

OC4F 

I405F 

IC1F 

Bit 

1 

0 

TFLG1 




Instruction 

IC2F 

IC3F 

$1023 




• Bit 2 /icif- 

-Input Capture 1 Flag. This flag is 

set each time a 


selected edge (edge type depends on Bits 4 and 5 of the TCTL2 
register) is detected on the ici input line (pin 6 of the MC- 
8HC11A1P). A 1 written to this bit causes it to be cleared, which 
also occurs after reset. A 0 written to it has no effect! Clearing 
it doesn’t clear it! 

TCTL2 — Timer Control Register 1 

Bit 7 6 5 4 3 

Instruction EDG4B EDG4A EDG1B EDG1A EDG2B 

Bit 2 10 TCTL2 

Instruction EDG2A EDG3B EDG3A $1021 
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Listing 1. Short Assembly-Language Listing of 
MAG-11DI AG Software 


These bits are cleared to 0 by a reset, which disables all input cap- 
tures . Bits 4 and 5 configure the input sensing logic for Input Cap- 
ture 1 for capture on rising edge, falling edge or both, as follows: 


EDG1B 

EDG1A 

Configuration 

0 

0 

Input Capture Disabled 

0 

1 

Capture on rising edge 

1 

0 

Capture on falling edge 

1 

1 

Capture on any edge 


Hint: Before connecting a waveform to an input capture pin, pass 
it through a differentiator circuit with as small a time constant 
as possible (for example, a 1000-pF capacitor and a 10,000-ohm 
resistor). Refer to C19 and pin 5 of RN2 in Fig. 1 in the main article. 

68HC1 1 Interrupt Vectors 

Remember the last time you were working at your computer and 
a phone call interrupted you? The phone call is analogous to a 
CPU ‘ ‘interrupt.” In normal operation, the CPU works on a logi- 
cal set of instructions, the order of which is predetermined by the 
CPU’s programmer. However, many MCU-based systems per- 
mit interference with this predetermined order of instructions. 
This interference is called an interrupt. 

One common interrupt in many MCU systems occurs when a 
special circuit (located ahead of the rectifier circuit) senses when 
primary power is failing or has failed. As long as enough energy 
is stored in the filter /bypass capacitors for operation for roughly 
0. 1 second, the MCU can conduct an orderly shutdown, saving 
important data and/or registers in nonvolatile RAM. (In some 
HC1 1 systems, it may be sufficient to order a stop instruction 
when power is failing.) Another common use of interrupts is in 
interrupt-driven keyboards, where a pressed key results in an inter- 
rupt. There are numerous other uses of interrupts. 

When an interrupt occurs, the CPU checks from where it came 
and then decides on which set of instructions the programmer 
decided the CPU is to execute when that particular type of inter- 
rupt occurs. 
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There are two basic types of HC 1 1 interrupts : smart and dumb . 
With a smart interrupt, the CPU stacks the status of all CPU 
registers before it services the interrupt. After the interrupt is taken 
care of, it goes back to complete the set of instructions on which 
it was working prior to when the interrupt occurred, with all reg- 


Chip U5 buffers the bidirectional 
data lines. The enable of U5 , con- 


A14 is eliminated and U7 responds to 
two different addresses . For instance, 


won’t respond to addresses $0000 
through $00FF and $1000 through 


nected to as, ensures that the buses 
are isolated when AS is high (while ad- 


addresses ini mi ini mi and 
1011 1111 1111 1111 aren’t distin- 


$103F because these are addresses of 
internal RAM and internal registers, 


dress information is on the multi- 
plexed line). The R/w line connects to 
direction-control pin 1 of U5 to ensure 
that data is flowing toward U1 during 
reads and away during writes. 

Enable signal E is inverted and buf- 
fered by one stage of U15. Buffered 
lines in Fig. 1 have a “B” prefix, such 
as “BE,” which means a buffered en- 
able signal. 

Primary EPROM U7 is selected 
whenever address line A15 is high. This 
line is inverted and connected to cs 
pin 27 of U7. If you don’t use MAG- 
11A Diagnostic/Instruction firm- 
ware, pins 1 and 2 of JP4 will most 
likely be jumpered to connect A14 to 
pin 27 of U7. This locates U7 at mem- 
ory addresses $8000 through $FFFF. 

With pins 2 and 3 of JP4 jumpered, 


guishable without address line A14, 
resulting in U7 responding to address- 
es $F800 through $FFFF, as well as 
$B800 through $BFFF. This rather 
odd decoding permits operation in 
Special Test and Bootstrap modes be- 
cause the reset vector for these modes 
is located at $BFFE-$BFFF. 

Since only 2K of the EPROM is 
used by MAG-1 1 A, U7 can be a 27128 
EPROM, as long as pins 2 and 3 of 
JP4 are jumpered. OE pin 22 of U7 is 
activated when R/w (MCU in a read 
cycle) and E are high. 

RAM chip U9 is decoded by U8. Ex- 
cept under unique situations, U9 re- 
sponds only to addresses $0100 
through $0FFF and $1040 through 
$1FFF. Under normal circumstances 
(IRV Bit 0 in the HPRIO register), it 


and the external data bus isn’t driven 
during reads of internal addresses. 

Decoding for EPROM/RAM U10 
is fairly complicated. Basically, if 
jumpers are set for 32K EPROM, U8 
and U13 do the primary decoding, lo- 
cating U10 at $2000 through $6FFF. 
If jumpers are set for 32K RAM, de- 
coding is simpler. Here, CE pin 20 of 
U10 is deselected when A15 is high (one 
input to U16 is high). Also, whenever 
A14, A13 and A12 are all high, irrespec- 
tive of Al 5 (Address $7xxx), U10 is de- 
selected. This means that U10 is select- 
ed for addresses $0000 through $6FFF 
(addresses $7xxx are left out). Of 
course, bear in mind that U10 won’t 
respond to addresses 0 through $FF 
and $1000 through $103F. 

Octal transparent latch Ull pro- 


I 
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isters identical to what they were before the interrupt occurred. 
The service routine for smart interrupts usually ends with a Re- 
turn From Interrupt (rti) instruction. 

With dumb interrupt, all information in the CPU registers is 
lost. The HC1 1 has three documented dumb interrupts and 18 
smart ones. The dumb ones are External Reset, COP Watchdog 
Timer Reset and COP Clock Monitor Fail Reset. The only smart 
interrupt MAG-1 1 DIAG software uses directly is the Illegal Op- 
code Fetch, although MAG-1 1 can use all available interrupts if 
this is what you wish. 

An interrupt vector is an address that loads into the program 
counter when an interrupt occurs. In 68xx systems the last two 
bytes in the memory map, $FFFE and $FFFF, are the vectors for 
the system reset. Data stored at these addresses is the address of 
the beginning of the user’s program. 

Shown in Listing 1 is a short modified assembly-language listing 
segment of MAG-1 lDIAG’s software. It shows four of the 21 
vector assignments. The first number (for example, 0532) is the 
line number assigned by the assembler. Next comes the hex- 
adecimal address of the first byte of the op code (for example, 
ff94). Then comes the op code or data itself (for example, 8e 00 
ff). To the right is the assembly-language program (for example, 
LDS #$00FF). To the extreme right are the programmer’s com- 
ments written in a stunted pseudo-English. 

Now let’s see what happens when an illegal opcode is detected 
when using MAG-1 1DIAG. When the CPU detects an undefined 
opcode or opcode sequence, it pushes the CPU registers onto the 
stack, sets the I bit in the Condition Code Register and then fetches 
the vector $FFF8 and $FFF9. With MAG- 11 DIAG software 
“$FF” is stored at address $FFF8 and “$94” at address $FFF9. 
The program counter is then loaded with $FF94, and the program 
starts executing instructions starting at $FF94. 

The first instruction loads the stack pointer with $00FF. Then 
LED6 lights (done with the instructions ldaa #$oi and staa 
LED6). No Operation (nop) instructions are used solely to leave 
room for a Jump (jmp) or a Return From Interrupt (rti) to 
simplify modifying the program. 


The next instruction (jmp sfsoo) causes the program to jump 
to the beginning, restarting the program. The cop and clock 
monitor vectors perform similarly. The primary difference here 
is that they cause LED7 and LED8 , respectively, to light when 
the respective interrupts occur. 

MAG-11 DIAG Flowcharts 

Figure C shows MAG- 1 lDIAG’s main flow chart. This is an ex- 
tremely simplified version. It isn’t necessary to understand 68xx 
machine or assembly language to follow Fig. C. 

Figure D gives a somewhat more detailed flow chart for the 
Temperature Measurement Subroutine. Familiarity with the 68xx 
chip series will be of help here. Note that “D” stands for the 16-bit 
double accumulator consisting of Accumulator A (stores the 
most-significant byte) and Accumulator B (stores the least-sig- 
nificant byte). The Fig. C flow chart is more than a ‘ ‘theoretical* ’ 
aid; it acts as a “graphic” instruction manual for the MAG- 
1 1 DIAG software. 

MAG-1 1DIAG software was written in assembly language, us- 
ing Freeware’s assembler AS11NEW.EXE version 1.03. Since 
the fully documented assembly-language listing is fairly long, it 
isn’t included here but is available on floppy disk from the source 
given in the Note at the end of the Parts List. Included is 
MAG-1 1DIAG software in Motorola’s S format, which can be 
used directly by most EPROM programmers. Also included is 
all author-written MAG-1 1 software mentioned in this series of 
articles, as well as the latest version of Freeware assembler 
(AS11NEW.EXE) and the assembler’s instruction manual. 

Additionally, the disk contains the pc guide for MAG-1 1 and 
Battery Backup/Eight-Channel Logic Probe in PCBoards for- 
mat and the HPPRT.EXE utility, which PCBoards has given per- 
mission to include. HPPRT.EXE permits you to print the pc 
guides of any pc board layout file created with the PCBoards pro- 
gram (including MAG-1 1 ’s etching-and-drilling guide) on an HP 
LaserJet II/compatible printer. If film or a suitable vellum 
(preferred) is used as a medium, you can make a pc board direct- 
ly from the artwork using the positive photographic method. 


vides the control and buffering need- 
ed for positions 1 through 8 of SI. OE 
(Output Enable) pin 1 of C/77, an in- 
put, connects to the output of a two- 
input OR gate, whose output is low 
only when both inputs are low. One of 
this gate’s inputs is connected to the 
output of eight-input OR gate C/75, 
the output of which is low only when 
address lines A5 through All are low 
and A12 is high. The other input goes 
to pin 7 of U8 , which goes low when 
a read operation takes place on ad- 
dresses $6000 through $7FFF. 

Chip C/7 7 responds to only reads of 
addresses 01 1 1 0000 0000 0000 through 
01 1 1 0000 0001 1 1 1 1 ($7000 through 
$70 IF). In the software, we assume 
that C/77 responds to $7000, although 
it will respond also to $7001, $7002 
. . . $701F. Position 1 of SI controls 
Bit 0 at address $7000, position 2 con- 
trols Bit 1 , etc. When a switch position 
is closed, the corresponding Bit is 0. 
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This fact is extremely important when 
writing programs concerning these 
switches. 

Octal bus transceiver C/72 provides 
control and buffering for LED1 
through LEDS. The decoding scheme 
is similar to C/77. However, C/72 re- 
sponds to only writes to addresses 
$7000 through $7 IFF — not to reads. 
Only the least-significant bit of buf- 
fered data line bdo connects to C/72. 
Also, A0, Al and A2 connect to the re- 
spective address on the address bus. 
Thus, LED1 is at address $7000 (as 
well as $7008), LED2 at address 
$7001, etc. To turn on LED1 , you 
write a $01 to address $7000; to turn 
on LED2 y you write a $01 to address 
$7001; and so forth. 

The output of precision fixed + 5- 
volt reference U18 is trimmed by R13 
and then connected through high-pass 
filter Rll/Cll to A/D high-voltage 
reference pin 22 of C/7, a/d low- volt- 


age reference pin 21 connects to circuit 
ground. 

A MAG- 11 BAT Battery Backup/ 
Eight-Channel Logic Probe board 
plugs into J1 and 72. Header/Socket 
blocks 77 through 76 can be either 
male headers or female sockets. Add- 
on boards to the prototype must have 
headers that plug into MAG-11. 

If the headers on these boards are 
chosen correctly — double-sided and 
sufficiently long — it will be very sim- 
ple to plug an additional board into 
the original add-on boards.) Positions 
on 75 through 76 are available for 
every data, address, control and pow- 
er line you could wish for and more. 
Add-ons like a keyboard/display/ re- 
lay board plug directly into these 
headers/sockets. 

Next month, in Part 3, we’ll cover 
in detail building the MAG- 11 com- 
puter and provide a MAG- 11 DIAG 
“instruction guide.’’ 
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Computer Games By sf sparrow; 


Wordtris: The Soviet Challenge Continues 



Political talk soars concerning friendlier 
national relations, nuclear arsenal reduc- 
tion and President Bush’s “new world 
order.” Computer players are ahead of the 
game. Since the Reagan era, they’ve en- 
joyed the benefits of amiable relations with 
the Soviet Union — a kind of computer de- 
tente all their own. 

It started a few years ago, after the ad- 
vent of Glasnost and Perestroika. Com- 
puter rumblings began innocently with a 
game of Soviet origin called Tetris. Tetris 
was invented by a Soviet researcher named 
Alexey Pajitnov who works at the Com- 
puter Center of the USSR Academy of Sci- 
entists, located in Moscow. Original pro- 
gramming was performed by young Vagim 
Gerasimov, then a student at Moscow 
University. 

Tetris' migration to American soil hap- 
pened due to efforts by Academy Soft in 
Moscow, Andromeda Software Ltd. of 
London and USA’s own Spectrum Holo- 
Byte, maker of the first serious simulation 
for the F-16 Fighting Falcon. 

Since its humble introduction into 
American culture, the seemingly innocu- 
ous game has slain many a computer play- 
er. Tetris is highly addictive. Even now, 
there may be thousands of closet Tetris ad- 
dicts reading this who are unwilling to ad- 
mit the habit. 

The premise for Tetris is a simple as it 
can get. It looks too easy. As a player, you 
have a boxed-off area in front of you. 
Shapes fall from the top of the box. These 
shapes are small squares connected togeth- 
er to make larger figures. As the figures fall 
toward the bottom of the screen, you must 
decide where each specific one should be 
placed and whether or not it needs to be 
rotated to fit. The decision on where and 
how to place the falling shape must be 
made before it hits bottom. 

Game objective is to fit the squared-off 
shapes so that a level or tier is connected 
completely across the screen. When a level 
is completed, it vanishes to make room for 
more. However, if the shapes aren’t con- 
nected properly they continue to pile up 
until they reach the top. In that case, the 
game is over. 

Simple, you think? Fantastically so. Yet 
this deceptively easy game remains frus- 
iratingly beyond the reach of even more 
seasoned gamers. A tiny mistake, a missed 
rotation or a slow finger can cause your en- 


tire pattern to go askew. So you have to try 
again. Oh, another mistake. Try it again. 
Oops! Try again. And again. And . . . You 
get the picture. After 15 or 20 games go by, 
your realize you’re hooked. Unpretentious 
in every way, Tetris quietly supi >oited basic 
EGA and CGA graphics and joystick and 
used the simple PC speaker for sound. 


Soviet Challenge Continues 

Tetris' success spawned an interesting se- 
quel: Welltris. This game took the original 
concept and whirled it into the realm of 
three dimensions. Addictive as it is. Tetris 
remains a two-chmensional challenge. The 
third dimension found in Welltris forces 
players to not only rotate a piece to make 
it fit, but also move it in circulai fashion 
around the playing area. .All the while, 
playing pieces are descending into the heart 
of the computer screen, as though falling 
into a multi-colored void 

Like Tetris , the objective with Welltris 
is to form a horizontal tier across the 
screen. With Welltris, though, the line can 
be horizontal cr vertical. It takes some 
tricky finger-maneuvering on i he comput- 
er keyboard to handle Welltris. But it’s fun 
and potentially as addictive as its predeces- 
sor. You know, that’s just what Tetris ad- 
dicts needed: another irresistible mind 
teaser. Designer Pajitnov, Spectrum Holo- 
Byte and Glasnost had done it again. Well- 
tris continued use of basic CGA and EGA 
graphics, but it dropped joystick support. 
But lack of joystick support is of no real 
consequence, and Tetris with a joystick is, 
at best, clumsy. 


New Face cl Challenge 

Since Tetris and Welltris were so success- 
ful, one had to wonder if a third 7e/w-like 
product would find its way to the United 
States. Musings were set to rest with Spec- 
trum HoloByte’s release of Faces , which 
is Tetris with a new twist. The objective 
with Faces is to assemble pieces of disjoint- 
ed personages, usually famous cnes like 
Abraham Lincoln, Galileo, Isaac Newton, 
Dostoyevski, Mozart and, of course, Gor- 
bachev himself. Nine different skill levels 
include countenances from art, science, 
music, American history, literature and 
even movie-monster fame. 


Faces sports a specific player mode not 
seen in previous Tetris games: head-to- 
head action through modem or direct serial 
port connection. Two-player execution is 
a favorite of Spectrum HoloByte since the 
days of Falcon. The technique usually ac- 
companies its games. But Faces doesn’t 
really need the dual-player mode because 
playing is mostly a solitary experience. 
While not as popular as original Tetris , 
Faces brought back joystick support, in- 
troduced VGA graphics and even wel- 
comed use of the AdLib sound card. 


Tetris Turns Educational 

After three variations on the Tetris theme, 
all of them interesting, it surprises some 
players to see Wordtris , a fourth incarna- 
tion of the Soviet challenge. Instead of fall- 
ing geometric shapes and plummeting sec- 
tions of famous faces, letters of the alpha- 
bet challenge dexterity of mind and Finger. 
Wordtris is particularly tricky because con- 
centration is a must if you want to integrate 
active playing letters with those that have 
already been placed. Too, you must con- 
sider where the next letter might fit. De- 
pending on chosen speed and skill level, 
alphabetic arrangement can get tough — 
fun, but tough. 

Wordtris ’ vocabulary is an impressive 
60,000 words. But if that isn’t enough for 
you literary giants of the computer gam- 
ing world, you can make your own dic- 
tionary and Tetris will use it. See if you can 
outsmart yourself with a game that serves 
up addiction a la Tetris , plus a side order 
of “ Scrabble in motion.” Kept in game 
play are VGA graphics, joystick and Ad- 
Lib sound support and head-to-head play. 
Added to the menu is support for Sound- 
Blaster and Tandy sound, Novell network 
support and, for the first time with any Te- 
tris game, mouse support. 

Wordtris ’ newly-instituted mouse sup- 
port is a significant point because the 
mighty and often-used computer mouse 
could have been employed to great advan- 
tage in previous Tetris games, especially 
the original Tetris. Avid game players 
know that its difficult to enjoy a game 
they’re not good at playing. Most games 
knuckle under when hit with a few hours 
of practice. Others seem to require some 
innate mystical ability to conquer them. 
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Typical screen shots of Spectrum HoloByte’s Weltris in EGA resolution (left), Faces in VGA resolution (center) and Wordtris in VGA 
resolution (right). 


These fun, silly, frustrating Tetris games 
can be that way. If losing happens too of- 
ten, you feel like the Force just isn’t with 
you. ( Star Wars fans will please forgivethe 
misplaced analogy.) 

For hopeful game aspirants, a bit of 
computer technology may be all that’s 
needed to get the edge on certain madden- 
ing games. A little software shop named 
LightBulb Logic publishes a product called 
Comrade , which may be the ultimate Te- 
tris cheater. 


Think back to ypur first compulsive 
days of playing Tetris. What single tool 
(besides a sledge hammer) could you have 
used to improve your game? The tool in 
question had to be easy to operate and af- 
ford accurate fingertip control, without 
having you take your eyes off the screen 
even for a second. The answer, of course, 
is a computer mouse, a solution as simple 
as the game itself. 

You provide the mouse, LightBulb Log- 
ic provides Comrade , the mouse drivers for 


Tetris , Welltris and Faces. It works, too. 
I’ve seen miserable Tetris players improve 
to respectability in only a few games. Com- 
rade is a must for the true Tetris gamer. 

So now Tetris addicts have it all: an in- 
triguing variety of games, including a new 
release ( Wordtris) that has socially redeem- 
ing value; and a new product ( Comrade ) 
that offers catharsis by helping you master 
the Soviet challenge. Now what are you 
waiting for — complete nuclear disarma- 
ment perhaps? ■ 


pird’s Eye View 


Comrade , $19.95 
LightBulb Logic 

P.O. Box 815984 
Dallas, TX 75381 
214-406-9998 

Tetris , $34.95; Welltris , $34.95; 
Faces , $39.95; Wordtris , $44.95 

Spectrum HoloByte 

2061 Challenger Dr. 

Alameda, CA 94501 
415-522-3584 

Requirements: 

RAM Memory 640K 


Graphics 


Sound 


Controllers 


VGA, EGA, CGA, 
Tandy 

SoundBlaster, AdLib, 
Roland, Tandy 
Joystick, Mouse 


Evaluation 


Documentation 
Graphics 
Learning Curve 
Play Length 
Playability 


Good 

Good 

Short 

Short 

Excellent 


In Brief: Series of highly addictive games 
that maintain interest and challenge even 
after many times of play. No special hard- 
ware needed for maximum enjoyment. 
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HOME AUTOMATION! 


InT roJ-PC provides futuristic: 
BURGLARY PROTECTION 
ENERGY MANAGEMENT 
FIRE PROTECTION 
EMERGENCY/MEDICAL 
APPLIANCE CONTROL 
and much more for your home! 
Amazing NEW device you can build in 
one evening! Construct for less than $150.00. 
Easy tool less installation! Does more than 
systems costing thousands! Uses IBM- PC or 
compatible. Comes with POWERFUL yet 
easy-lo-usc software that is unlike any other. Save money 
on energy; feel secure from theft, in-home assaults and fire. 
Enjoy the convenience of having a SMART HOME that 
knows how to manage your lights, appliances, sprinklers, 
healing/air conditioning and more. AMAZINGLY simple 
and fun to build and install -wireless convenience too! Uses 
common parts. 

PLANS and POWERFUL SOFTWARE 
ONLY $19.95 Hoop. Ware 

Send Check or M.O. to: POB 3079 Dept. I PC 

or call 702-626-0522 Sparks, NV 89432-3079 
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AC/DC VOLTAGE 
AC/DC CURRENT 
DIODE TEST Stock No. 

LOGIC TEST 990092 

LED TEST GOOD/BAD 
5 FREQ RANGES 
5 CAPACITANCE RANGES 
LOW BATTERY Warning 
CONTINUITY TEST BUZZER 
TRANSISTOR CHECKER 

20 mhz FREQ COUNTER visa 
■■2 KELVIN.- Electronics** *" 


69 “ 


30 DAY 

MONEY BACK 
GUARANTEE! 


10 Hub Drive, Melville NY 11747 
(516) 756-1750 1 (800) 645-9212 

FAX (516)756-1763 
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INTRODUCTION TO 
MICRO CONTROLLER DESIGN 

BASED UPON THE 8051 FAMILY OF PROCESSORS 
SEND CHECK OR MONEY ORDER FOR 18.95 PLUS 
3.00s&h CALIFORNIA RESIDENTS ADD 7 1/4 %TAX: 

BUSINESS DATA COMPUTERS 

PO BOX 1549 
CHESTER, CA 96020 

Allow 3 To 4 Weeks For Delivery-- Us Funds Only 


Low $$$ Proto-typing kits based on 
Motorola's best 8-bit Micro-controller: 

V 

I 68HC11 1 

y 


E2-KIT With 68HC811E2, 2Kbytes of internal EEprom 
and 256 bytes of internal ram. Now just $79 

FI -KIT With 68HCllFI,32Kbytes of external "Flash" 

eprom and 8Kbytes of rain. $104 (Add $2 for 32K ram) 

Both kits include 68HC11 with 8-bit A/D, 16-bit 
timer, serial ports; Printed circuit board with 5 
volt only RS-232, status LEDs, DB25 connector, 
reset button, interrupt button, generous 
user-design area, IBM PC downloader software 
with freeware assembler and excellent Motorola 
HC11 documentation. No eprom programmer 
or eraser is needed for these kits. 

Please send check or money order (with S 4 5&H) to- 

Minotaur Systems 

4241B Valley Rd., Drexel Hill PA 19026 

( PA residents please Include sales tax I 
( Canadian S/H 19 ) 
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THE MOST ADVANCED 
TECHNOLOGY IN CABLE EQUIPMENT; 


• BASE BAND • JERROLD -PIONEER 

• TOCOM • HAMLIN • ZENITH 

• SCIENTIFIC ATLANTA • OAK 

FOR OUT OF THIS WORLD PRICES CALL 

WORLDWIDE CABLE 

1 800 - 772-3233 

FREE CATALOG AVAILABLE 

7491 C-5 N. FEDERAL HWY., SUITE 142 
BOCA RATON, FL 33487 
MC / COO/ VISA No Florida Sales 
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ProtoQuick Z8 and 8051 



■ Compute single board computers 

• Zttog ZB or Intel 8031/SI versions 

■ Up to 32K EPROM and BK RAM 

■ 12 sg in plated-tlmugn proto area 

■ RS232 C senal pod mi 082 5 conn 

• Op sys m EPROM *v/ source code 

• AsentPed , ready to run - Sv only 

• MS-DOS cross assembler included 



Run prototype applications or experimental hardware 
irom the serial port - WITHOUT PROGRAMMING! 


ProtoQuick Z8 and 8051 

$ 99 . 00 ... 


(513) 561*2060 


ComputerCraft Mart 
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COMPUTERS 


TEMPERATURE-SENSOR, on cable. Fits 
any 8052BASIC board. Software, assembled 
PCB, $18.00 LOGTROLLER, Data logger 
and controller. Plans, $12.00. TENSOR, Box 
2543-C, Thunder Bay, Ontario, P7B 5G1. 

VERAS Wholesale Computer Hardware! 
Memory chips, floppy drives, hard drives. 
Free Info Pack! (205) 766-8957. 

NEW HPIII LASER PRINTER WITH TON- 
ER $1340. EPSON LAPTOP $370. AT COM- 
PATIBLE, 40 MEG, 5.25”, COLOR, KEY- 
BOARD, DOS $649. 9600 FAX BOARD $85. 
1 YEAR WARRANTEE. QUANTITIES 
LIMITED. SUMMIT, BOX 489, BRONX 
NY 10465. 

COMPUTERS Wholesale! 286 start at 
$449.00 386SX $585.00 Veras Co. (205) 766- 
8957. Free Info Pack! 


OWN A COMPUTER ? NOW YOU CAN 
MAKE TOP MONEY AT HOME SECRETS 
REVEALED. WRITE: TYLER ELEC- 
TRONICS P.O. BOX 493 RICHMOND 
HILLN.Y. 11418. 

COMPUTER PRODUCTS AND ELEC- 
TRONICS EQUIPMENT. Home and busi- 
ness. Catalog $3. (Refundable) B&R Enter- 
prise, P.O. Box 662, Portage, MI 49081. 

COMPUTER PROFIT SECRETS RE- 
VEALED Discover many homebased busi- 
nesses free information. SASE to: Sun Pub- 
lishing, Suite 175 A 5889 Kanan Road, Agou- 
ra, CA 91301. 

FREE REPORT! Earn $975.00 per day or 
more using a personal computer! Write: 
C.N.E.C., 153 Princeton, Dover, NJ 07801. 


SOFTWARE 


PROGRAMS TO SELL? Excalibur Software 
Company modifies software programs written 
for companies in specific industries and then 
markets them throughout those industries. If 
you have written such a program, contact Ex- 
calibur Software Company, P.O. Box 201885, 
Arlington, Texas 76006-1885. 

FREE IBM PD and Shareware disk catalog. 
Low prices since 1988! ASP Approved Ven- 
dor. Finto Software, Dept CC, Route 2 Box 
44, Rosebud, TX 76570. 


CREATIVE SOFTWARE Fractals Astron- 
omy Games Free Brochure Brienna’s Charm, 
183 Midtown Plaza, Suite 299-A, Rochester, 
NY 14604. 


$35 RING DIRECTOR PC SOFTWARE al- 
lows Fax and Modem or Modem and Answer- 
ing Machine to share one phone line. Also 
calls pocket pager whenever phone messages 
are received. As seen in ComputerCraft, Page 
14, June 1991. Call 1-800-325-7379. 


OUTRAGEOUS ADULT SOFTWARE!! 
VGA GRAPHICS, MOVIES, AND MORE! ! 
$20 FOR SIX DISK SAMPLER, OR GET 30 
MGS OF XXX GIF’S FOR ONLY $50! ! CAL 
AD SOFTWARE, P.O. BOX 50204, LONG 
BEACH, CA 90815. 


20,000+ IBM-PC Public Domain and Share- 
ware Programs. 1.2Mb Diskette Catalog - 
$3.00. 300+ Page Laser Printed Catalog - 
$15.00 (refundable). Individual programs/ 
bulk. TELECODE P.O. Box 6426-CC, 
YUMA, AZ 85366-6426. 

TRANSLATION SOFTWARE, English to 
French. Easy to use with pull-down menus, 
mouse support, etc. Translates automatically 
or interactively from word processor files or 
keyboard. Instantaneous vocabulary lookups 
and verb conjugations in all tenses (to screen 
or printed). User-customizable vocabulary. 
Perfect for businessperson, teacher, student 
or anyone who enjoys innovative software. 
Excellent value at $29.95 plus $5 s&h. Money 
back guarantee. (800) 243-4470 or (301) 356- 
0845. Fluensys Corporation, 10451 Mill Run 
Circle, Suite 400, Owings Mills, MD 21 1 17. 

ENGINEERING PUBLIC DOMAIN SOFT- 
WARE. For IBM PC’s and clones. 5 V* and 
3/2 inch. All categories. Engineering, CAD, 
Desktop Publishing, Languages, Business, 
Graphics, Spreadsheets, Word Processors, 
Church, Home. Sector Systems Company, 
416 Ocean, Marblehead, MA 01945. 617- 
639-2625. 


CLUBS 

P.C. MODEM CLUB Correspond with Crea- 
tive Modem users, LINK/UP with ENTHUS- 
IAST Nationwide, FREE Membership, Send 
$1 for application & postage to P.O. Box 
4534, Waterbury, CT 06704. Also, List FAX 
and 1-900 numbers. 
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ELECTRONICS 


SURVEILLANCE - COUNTERSURVEIL- 
LANCE. Guaranteed lowest prices! Unbeliev- 
able, Detectors, Jammers, Transmitters, 
Phone Security, Cameras, Personal Protec- 
tion, Books, More! Huge catalog $5.00 (Re- 
fundable) PROTECTOR P.O. Box 520294-B, 
Salt La ke City, UT 8415 2. 

ALPHA/THETA BRAINWAVE STIMU- 
LATION SOFTWARE for IBM or 100% 
clones. Requires color monitor and EGA or 
VGA. Select colors, patterns and frequencies, 
WARNING EPILEPTICS MUST NOT USE! 
5 1/4” $19.95, 3 1/2” $21.95. Templehof, 
Dept. 1 13-CC, Box 19300, Austin, TX 
78760-9300 


UNIVERSAL MICOPROCESSOR SIMU- 
LATOR/DEBUGGER 1.2 each set $55. Sim- 
ulates popular microprocessors. Line assem- 
bler, disassembler, and debugging utilities. 
The ROMY-8 EPROM EMULATOR (32K, 
8-bit) works with simulator $135 only. J&M 
Inc., 83 Seaman Road., West Orange, NJ 
07052, TEL: (201) 325-1892. 

FREE ELECTRONICS CATALOG Transis 
tors, IC’s Electronic Components, Etc. Call 
International MicroElectronics (817) 56 1 - 
2244 P.O. Box 170415, Dept. C, Arlington, 
Texas 76003. 

MICRO-CONTROLLER 8052-AH Basic 32K 
RAM, 8K EEPROM, 8255 I/O, LCD display, 
RS-232 Interface w/printer port. Program it 
in Basic and Autoboot without a terminal. 
Schematics with IX artwork and sample pro- 
grams $7.50 Bare Boards $22.00 Kits available 
send SASE for details. MICRO-TECH P.O. 
Box 577644 Modesto, CA 95357-7644. 


REMOTE telephone recorder $379.00. With 
Room Monitor $479.00. Room Monitor 
$175.00. Room & Telephone $275.00. Catalog 
$3.00. Listen Electronics, 603 Elgin, Musko- 
gee, OK 7 4401. 918-683-9589. 

VIDEOCIPHER II/Satellite/Scanner /Cable 
Repair Manuals, Modification Books/Soft- 
ware. Catalog - $3.00. TELECODE P.O. Box 
6426-CC, YUMA, AZ 85366-6426. 


CABLE TEST CHIPS. S-A 8550, S-A 8500 
310, 311, 320, 321 (specify) - $33.95. S-A 
8580/338 - $69.95. TOCOM 5503/07 VIP - 
$33.95. TELECODE P.O. Box 6426-CC, 
YUMA, AZ 85366-6426. 


COMPUTERS-Learn to build computers and 
earn money. Send $12.00 for manual. Micro- 
star Corporation, P.O. Box 737, New York, 
NY 10274. 


VIDEO 


VHS-VCR Repair Solutions Sets I, II, III, IV, 
V, VI. Each contains 150 symptoms and cures, 
updated cross reference chart, free assistance, 
$11.95 each all six $59.95. Eagle Electronics 
Box A, 52053 Locks Lane, Granger, IN 46530. 


MAKE MONEY WITH YOUR VIDEO 
CAMERA Amazing homebased profits. A 
true financial steamroller. Learn today now. 
SASE to: Sun Publishing, Suite 175B 5889 
Kanan Rd., Agoura, CA 91301. 


TV NOTCH FILTERS PHONE RECORD- 
ING EQUIPMENT, BROCHURE $1.00. MI- 
CRO THinc. BOX 63/6025, MARGATE, FL 
33063. 1-305-752-9202. 

CABLE T.V. DESCRAMBLERS, Convert- 
ers, Guaranteed, LOWEST PRICES, All 
brands Available, CNC Concepts Inc., PO 
Box 34503, Minneapolis, MN 55434. 1-800- 
535-1843. 


_ CABLE 

ACTIVATE your Jerrold, Tocom, or Zenith 
Box (Fully) in just minutes. Test chips only 
$50.00. No CA. Sales. Orders Call 1-800-452- 
7090. Information 213-867-0081. 


JERROLD Test chips for Starcom 6 and 7. In- 
stalls in just minutes only $50.00. No CA. 
Sales. Orders 1-800-452-7090. Information 
213-867-0081. 


CABLE TV EQUIPMENT 

CABLE TV converters and descramblers dis- 
count center. Jerrold, Tocom, Hamlin, Scien- 
tific, Atlanta, Oak, Zenith. Order your today 
800-962-6836. 

MISCELLANEOUS ~ 

MORSE Code? No Problem. You can in- 
crease your speed, no matter how many times 
you’ve failed before. Results guaranteed when 
you follow the instructions. PASS Publish- 
ing’s CW Mental-Block Buster program helps 
you explode mental blocks that hold you back. 
Based on 40 years of research, the CW Mental- 
Block Buster uses guided meditation, dynamic 
visualizations, and powerful affirmations to 
blast through mental blocks. You can do 
code! That means new bands, more contacts, 
more fun! (This is not a CW practice tape.) 
The CW Mental-Block Buster audio cassette 
and practice booklet are only $24.95 ppd. in 
the US (NY residents add $2.00 sales tax). In- 
fo: 516-584-8164. PASS Publishing, P.O. Box 
570, Sto ny Brook, N Y H780. _ 

ASIAN LADIES want correspondence for 
friendship, marriage. SUNSHINE INTER- 
NATIONAL-Dept. TW, Box 5500, Kailua- 
Kona, Hawaii 96745. (808) 325- 7 707. _ 

RESEARCH and DEVELOPMENT TEAM 
will take your product ideas and create it. 
Confidentiality assured. Call B & R Electron- 
ics, Atlanta GA, 404-631-4689. 

ATTRACTIVE ORIENTAL LADIES seek- 
ing correspondence, marriage. Professional 
introductions since 1984. Asian Experience, 
Box 12114TZ, Novato, CA 94948. (415) 897- 
2742. 

THAILAND Women, Marriageable, Tours, 
Correspondence: 226 Photograph Brochure 
$3. Club Tai, Box 974(m), Miami 33233. 


_ MILITARY SURPLUS 

TELEVISION Radio Radar Fax Antenna 
Navigation and Scope surplus equipment. Full 
sales catalogs. Send $6. VLSI 4960 Jasper 
Avenue North, Lake Elmo, MN 55042. 


IDEAS WANTED 

INVENTORS! Can you patent and profit 
from your idea? Call AMERICAN INVEN- 
TORS CORP. for free information. Serving 
inventors since 1975. 1-800-338-5656. 


PAY TV AND SATELLITE DESCRAMBLING 
ALL NEW 1992 EDITION ALL NEW 



RS# Page n 

101 AMC Sales 87 

102 ARRL 66 

103 Altex Electronics Cov. IV 

Amer. Inst, for Comp. Sci 67 

147 BG Micro 7 

Binary Technology 31 

Brunelle Instruments 67 

Business Data Comp 88 

104 C&S Sales 34 

CIE 39, 90, Cov, III 

56 CPC Computer Products 9 

Cable Ready Company 78 

105 Cedar Software 80 

106 Central Computer 59 

107 Computer System Architects. . . .74 

108 Consolidated Electronics 78 

109 Consumertronics 51 

146 Contact East 57 

110 Covax 68 

111 Design Computation 53 

EDE 67 

172 EMAC 11 

113 GAV 60 

Grantham 52 

114 Hamshire Industries 31 

115 Heath 35 

116 Hoops-Ware 87 

118 Interactive Image Tech 6 

119 JP Video 75 

KD Video 78 

120 KGP Productions 60 

Kelvin Electronics 87 

121 Laser Group 21 

M.K. Electronics 31 

122 Merrimak Valley 80 

123 Microsystems Development 75 

124 Minotaur Systems 88 

126 Motron Electronics 74 

125 Mouser Electronics 21 

NRI Schools 25,71 

127,128 National Advancement 21,67 

129 National Computer 81 

165 PC Boards 13 

Parallax, Inc 37 

152 Photronics 53 

167,175 Print Products Inter 11,13 

144 Pseudo Corporation 68 

134 Radio Shack 5 

135 Safesoft Systems 67 

Scrambling News 89 

Skyvision, Inc 88 

Software Science 88 

137 TECI 80 

138 URDA 75 

139 U.S. Cyberlabs 75 

140 Unicorn Electronics Cov, II 

141,142 Vail Silicon Tools 74,75 

143 Viejo Publications 53 

145 Worldwide Cable 88 


We’d like to see your company listed here too. 
Contact Eric Teitelbaum or Margaret Milanese 
at 516-681-2922 to work out an advertising pro- 
gram tailored to suit your needs. 
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Iff You've Serious 
About a Future in 
Electronics, Ensure that 
Future with the Best 
Educational Training 

Available. 



S L 


c 


SEND FOR YOUR CIE HOME 
STUDY COURSE CATALOG AND 
RECEIVE A FREE 24 PAGE CIE 
ELECTRONICS SYMBOL HANDBOOK! 

Includes hundreds of the most frequently 
used electronic symbols. Published by 
CIE exclusively for our students and 
alumni. Yours free when you 
request a CIE Course Catalog 




JLf you want to learn about electron- 
ics, and earn a good income with that 
knowledge then CIE is your best 
educational value. 

CIE's reputation as the world 
leader in home study electronics is 
based solely on the success of our 
graduates. And we've earned that 
reputation with an unconditional 
commitment to provide our students 
with the very best electronics 
training. 

Just ask 
any of the 
1 50,000-plus 
graduates of 
the Cleveland 
Institute of 
Electronics 
who are 
working in 
high-paying 
positions with 
aerospace, 
computer, 
medical, 
automotive 
and communi- 
cation firms 
throughout the 
world. 

They'll tell you success didn't 
come easy... but, it did come.... thanks 
to CIE. And today, a career in elec- 
tronics offers more opportunities and 
greater rewards than ever before. 

CIE's COMMITTED TO BEING 
THE BEST.. ..IN ONE 
AREA. . . .ELECTRONICS. 

CIE isn't another be-everything-to- 
everybody school. We teach only one 
subject and we believe we're the best 
at what we do. Also, CIE is accredited 
by the National Home Study Council. 
And with more than a 1,000 gradu- 
ates each year, we're the largest 
home study school specializing 
exclusively in electronics. CIE has 
been training career-minded students 
like yourself for nearly 60 years and 

we're the best at our subject 

ELECTRONICS ... BECAUSE IT'S THE 
ONLY SUBJECT WE TEACH! 


CIE PROVIDES YOU WITH A 
LEARNING METHOD SO 
GOOD, IT'S PATENTED. 

CIE's Auto-programmed lessons are a 
proven learning method for building 
valuable electronics career skills. Each 
lesson is designed to take you step-by- 
step and principle-by-principle. And 
while all CIE lessons are designed for 
independent study, CIE's instructors 
are personally available to assist you 
with just a toll- 
free call. The 
result is practical 
training... the 
kind of experi- 
ence you can put 
to work in today's 
marketplace. 

LEARN BY 
DOING... WTTH 
STATE-OF- 
THE-ART 
FACILITIES 
AND 

EQUIPMENT. 

In 1969, CIE 
pioneered the first Electronics Labora- 
tory course and in 1 984, the first 
Mircoprocessor Laboratory course. 
Today, no other home study school 
can match CIE's state-of-the-art equip- 
ment and training. And all your 
laboratory equipment, books, and 
lessons are included in your tuition, 

It's all yours to use while you study at 
home and for on -the -job after 
graduation. 

PERSONALIZED 

TRAINING.. ..TO MATCH YOUR 

BACKGROUND. 

While some of our students have a 
working knowledge of electronics 
others are just starting out. That's 
why we've developed twelve career 
courses and an A.A.S. Degree program 
to choose from. So, even if your not 
sure which electronics career is best 
for you, CIE can get you started with 



WHY CHOOSE CIE FOR YOUR TRAINING? 

■ 1 50,000 successful graduates from every country around the world. 

■ Only CIE rewards you for fast study. CIE offers an Associate Degree 
program based on actual study time used. The faster you complete your 
degree the less your overall tuition. 

■ State-of-the-art laboratory equipment is yours to keep and it comes 
assembled, ready for hands-on experiments. 

■ Approved for educational benefits under the G.l. Bill for veterans and other 
eligible persons. 

■ Upon graduation, CIE offers free preparation to pass the Certified 
Electronics Technician Exams. 



core lessons applicable to all areas of 
electronics. And every CIE course you 
take earns you credit towards comple- 
tion of your Associate in Applied 
Science Degree. So you can work 
toward your degree in stages or as 
fast as you wish. In fact, CIE is the 
only school that actually rewards you 
for fast study, which can save you 
thousands of dollars. 

SEND TODAY FOR YOUR CIE COURSE 
CATALOG AND WE LL SEND YOU A 
FREE 24 PAGE CIE ELECTRONICS 
SYMBOL HANDBOOK! 

FINANCIAL AID AVAILABLE TO 
QUALIFIED INDIVIDUALS. 


□ T» ■ I want to get started. 
Send me my CIE school catalog includ- 
ing details about the Associate Degree 
Program. (For your convenience, CIE 
will have a representative contact you - 
there is no obligation.) 

Name: 


Address:. 


City: State: 

Zip: Age: _ 


Phone No. ( ) 

Check box for G.l. Bulletin Benefits 
Q Veteran Jp Active Duty 


miwm 

CLEVELAND 
INSTITUTE OF 
ELECTRONICS 

1 776 East 1 7th Street 
Cleveland, Ohio 44114 
(216) 781-9400 



A school of thousands. 
A class of one. 
Since 1934 

A026 
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TO : 0«D=R (800) 531-5369 FAX (512) 637-3264 TO ORDER (800) 531-5369 FAX (512) 637-3264 TO ORDER (800) 531-5369 FAX (512) 637-3264 TO ORDER (800) 531-5369 FAX (51 2) 637-3264 
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VISA 


TO ORDER CALL 1(800)531-5369 

MAIL ORDER DEPT., 11342 IH-35 NORTH, SAN ANTONIO, TX 78233 - (512) 637-3200; HOURS 7AM-7PM M-F, 10-2PM SAT. FAX (512) 637-3264 
TERMS: No surcharges on credit cards For C O D orders add $5 C O D orders are cash or certified check only M nimum C.O.D. order is $25 P O.'s accepted from approved accounts Government, Institutional and Corporate 
purchase orders welcome FAX your order for faster service All orders under $99 will be assessed a $3 handling charge Orders over $99 or more no handling charges. All shipping charges are 

FOB San Antonio, Texas and will be added to invoice. Texas residents add 8 1/4% sales tax. All returns require RMA# and we ask that all returns are sent back in the same condition in which you received them. A 15% restocking 
fee wifi be assessed on product that is returned in non -resaleable condition. Prices and product descriptions subject to change CALL FOR CURRENT PRICING. Products are trademarks of their 
respective companies. We are not responsible for typographical errors. In a hurry'? Federal Express your order: 2nd Day Economy - S8 up to 20lbs. Overnight Priority - $1 7,50 up to 201bs. 


MOTHER BOARDS 



Part# 

Description 

Each 

Dll -XT 

Turbo 10 MHz Mini XT 
Motherboard 

$69 

Dll XT-640 

Same as Dll -XT 
w/640K installed 

$109 

DFI286-12/E 

12 MHz 286 Mini 
Motherboard 

$99 

DFI286-16/E 

16 MHz 286 Mini 
Motherboard 

$109 

MB386SX 

Turbo 386 16 MHz 

SX Motherboard 

$229 

MB386-25 

386 25 MHz 
Motherboard 

$369 

MB386-33C 

38633 MHz 
Motherboard 

$459 

MB486-33 

48633 MHz 
Motherboard 

$799 


MEMORY BOARDS 


All memory boards come with 0/K. Cal! for 
pricing with memory. 

mm 


Part# 

Description 

Each 

MEMO-576 

576K Ramboard 

$23 

MEGALITH 

Enhanced EMS 

$119 


Memory Board, 4 MEG AT 

IFC-47A 

BOCA128K AT 

$79 


Memory Board 


IFC-60 

AT Plus - Up to 

$119 


8 MEG RAM 


IFC-60A 

AT Memory Board 

$119 


8 MEG Using SIMMS 


IFC-62 

PS-2 MOD 50 

$129 


60 EMS up to 2 MEG 


IFC-64 

PS-2 - EMS 

$99 


up to 2 MEG 


IIT MATH CO-PROCESSORS 

2C87-12 

For 286 up to 12.5 MHz 

$78 

2C87-20 

For 286 up to 20 MHz 

84 

3C87-16SX 

For 386SX up to 



16 MHz 

109 

3C87-20SX 

For 386SX up to 



20 MHz 

119 

3C87-25 

For 386 up to 25 MHz 

169 

3C87-33 

For 386 up to 33 MHz 

179 


CALL FOR PRICING ON 


DYNAMIC MEMORY 


AND MEMORY MODULES 


DISK CONTROLLER BOARDS 




Part# 

i ■ 

Description 

B If 

Each 

IFC-16 

2 Floppy Controller 

Board XT/AT 

$25 

IFC-14 

2 Floppy Controller 

Board PC/XT 

$13 

IFC-15 

Disk I/O Board Serial 

Parallel, Clock. Game PC/XT 

$25 

IFC-24 

Fixed Disk MFM/2 Floppy 
Controller AT 

$55 

IFC-26 

Floppy. Fixed Disk RLL 
Controller AT 

$59 

IFC-27-2 

AT 2 IDE 2/Floppy Controller 

$19 

IFC-27X 

XT 2/IDE Controller 

$69 

IFC-28 

XT MFM Hard Drive 

Controller Board 

$47 

IFC-29 

RLL Fixed Disk 

Controller Board PC/XT 

$57 

IFC-54 

Add On Floppy 

Board XT, AT 

$49 

ST-01 

8 Bit SCSI Controller 

$29 

ST-02 

8 Bit SCSI/Floppy 

Controller Board 

$47 

IN-2000 

16 Bit SCSI Hard/Floppy 

$225 

EXPANSION BOARDS 

Part# 

Description 

Each 

IFC-12 

Serial Board PC/XT 

$11 

IFC-12A 

Second Serial Port Kit for 
IFC-12 

$6 

IFC-25 

2 Serial. Parallel. Game 

Board XT/AT 

$16 

IFC-13 

Parallel Board XT AT 

$9 

IFC-19 

Clock Board PC/XT 

$10 

IFC-19B 

Chipchip for PC/XT 

$24 

IFC-20 

Game Board 

XT AT, 2 Ports 

$9 


COMMUNICATION BOARDS 


Part# 

Description 

Each 

MS-400A 

Multi-Serial Board 
for PC/AT 

$99 

MS-422A 

Dual RS-232/422 

Serial Card for PC/AT 

$69 

MU-440 

Multi-User Board 

$139 

VIDEO BOARDS 




COMPUTER CASES 


RM9502 Monochrome PS/2 
(800 x 350. 400, 480) 

RE-9514 Super VGA (1024 x 768) 
Unlimited Colors 

RE1520 15" Super VGA Monitor 

Noninterlaced up to 1024x768) 


LASER MONITORS 


Part# Description 
MON-05 Monochrome TTL 
Amber 12" 

MON-06 Paper White TTL 14" 
MON-10 CGA/RGB 

(640x240)14' 

MON-07 VGA 41 Dot Pitch 
(640x480) 14" 


$149 


$359 

$469 



vl 1 2 

$239 

$269 




POWER 

SUPPLIES 


PS-150 1 50 watt XT Power Supply $32 

PS-1 SOUL Same as PS- 1 50 -UL Listed $69 
PS-200M 200 watt XT power Supply $36 

PS-200MUL Same as PS-200M UL Listed$89 
PS-200 200 watt AT Power Supply $42 

PS-200UL Same as PS-200 - UL Listed $89 
PS-220 220 watt Vertical Case 

Power Supply $79 

PS-230UL 230 watt Vertical Case $99 
Power Supply - UL Listed 
PS-200MINI 200 watt Baby Vertical Case 

Power Supply $59 


DISK DRIVES 



Part# Description 
DDD-04 5 1 4 inch DSDD 

360K black faceplate 
DDD-05 5 1/4 inch DSDD 

360K beige faceplate 
DDH-06 5 1 4 inch DSHD 

1 ,2MB beige faceplate 
DDH-09 3 1/2 inch 720K beige 
w/brkt 

DDH-10 3 1/2 inch 1.44MB 
beige w/brkt 

DDH-11 Same as DDH-10 without 
5-14" mounting bracket 
Fits in 3-1/2” bay 
RAIL01 AT Drive Rail Kit 


Each 

$59 


$59 


$59 


$68 


$59 

$55 


$1.99 


Description 

Mono Board 

Each 

$16 

FP-BLK 

1/2 Height Black 
Faceplate 

$2.49 

w/printer port XT AT 


3 1/2" DRIVE MOUNTING KITS 

Color Graphics 

$25 

Mounts a 3 1/2" drive in a 5 1/4" half-height 

w/prmter port XT AT 


drive bay. 



640x480 VGA Card 

$69 

Part# 

Description 

Each 

BOCA Super VGA Card 

$159 

5.25KITFD 

Floppy Drive Kit 

$9.95 

Super VGA W/512K 

$139 

5.25KITHD 

Hard Drive Kit 

$9.95 


Part# 

STC-03 

STC-04 

DAB-103 


Description 
Baby AT Case 
Regular AT Case 
DFI Slimline Case 
w/200 Watt Power Supply 
Baby Vertical w/200 Watt 
Power Supply 
Medium Vertical Case 
w/230 Watt Power Supply 
CASE-TH8 Regular Vertical 

w/250 Watt Power Supply 


KEYBOARDS 


STC-05 


STC-08 


Each 

$39 

$59 

$139 

$89 

$119 

$249 



j1tE!i±l 



KBY-60 AT Style 10 Function Keys $19 

XT or AT 

KBY-39 Enhanced Style $49 

12 Function Keys XT or AT 
K-156 (XT AT) $35 

101 keys with regular footprint for XT or AT 
Size: 20 1/21x7 7/8”Wx1 13/16"H. 

K-160 Narrow Footprint $36 

101 keys XT or AT 

Size: 18 1/21 x6 1/2 H Wx 1 5/1 6"H. 

K-158 Small Footprint $43 

101/102 keys. 22 percent smaller than regular 
footprint. 

Size: 15 3/41 x 7 7/8"W x 1 13/1 6”H. 

K-158-1 Small Footprint $47 

Spanish Language 


HARD DRIVES 



Part# 

ST-225 


Each 


$199 


Description 
20 MB MFM 65 MS 
Hard Drive 5-1/4" 

30 MB RLL 65 MS 

Hard Drive 5-1/4" $219 

40 MB MFM 28 MS 

Hard Drive 5-1/4" $259 

40 MB 28 MS IDE 

Hard Drive 3-1/2" $199 

80 MB IDE 15 MS 

Hard Drive 3-1/2” $309 

84 MB SCS1 19 MS 

Hard Drive 5-1 4" $369 

130 MB IDE 19 MS $419 

Hard Drive 3- 1/2” 

210 MB IDE 15 MS $639 

Hard Drive 3-1/2” 

204 MB SCS1 15 MS $649 

1 0MPBS Data Transfer Rate 
Hard Drive 3*1/2" 


TO ORDER (800) 531-5369 FAX {51 2) 637-3264 TO ORDER (800) 531-5369 FAX (512) 637-3264 TO ORDER (800) 531-5369 FAX <5l2> 637-3264 

CIRCLE NO. 103 ON FREE INFORMATION CARD 


TO ORTIFR (ROf)) FAY ( 61 ?) 637.3964 TO ORDFR (800) 531 5369 FAX ( 512 ) 637 3264 TO ORDER (800) 531-5369 FAX (512) 637.3264 TO ORD6R («00) 531 6360 FAX (610) 637 0DG4 TO OTIDCn (000) G0i 6300 TO ORDER (800) 531-3369 

























